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ELECTRONIC AIDS 
HE Concerned Technology and 

Microfair are two names that 
hopefully you will hear more of. They 
are both tied in with high technology 
aids for the handicapped. 

Two travelling exhibitions are show- 
ing technological aids for those with 
special needs. Concerned Technology 
is supported by the Department of 
Trade and Industry and Microfair is 
organised by the Handicapped Persons 
Research Unit of Newcastle-upon- 
Tyne Polytechnic. The exhibitions show 
many commercially available products 
from an electric car to simple sequen- 
tially switched light communication 
aids. 


HOBBY DEVELOPMENTS 

An area that is perhaps most in- 
teresting is that of hobby develop- 
ments which can assist the mentally or 
physically handicapped. For instance, 


Letters and Queries 
We are unable to offer any advice on the 
use or purchase of commercial equipment 
or the incorporation or modification of 
designs published in PE. All letters requiring 
a reply should be accompanied by a stam- 
ped, self addressed envelope, or addressed 
envelope and international reply coupons, 
and each letter should relate to one 
published project only. 

Components and p.c.b.s are usually 
available from advertisers; where we antici- 
pate difficulties a source will be suggested. 
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with the addition of a special light 
action switch and some fairly simple 
software, almost any micro computer 
can be used to build up words or 
phrases in a sequential manner on 
screen; a great help to those with 
speech impediments. This can ob- 


viously be taken a step further with - 


speech synthesis. 

A simple indicating device can be 
built employing interchangeable cards, 
each card containing, say, eight 
diagrams. With sequentially switched 
indicator lamps a message may be 
signalled by indicating first which card 
and then which picture is required. 
Thus a severely handicapped person 
can indicate his or her needs simply by 
operating a single switch, which could 
be by a movement of the tongue if 
necessary. Such devices are easily con- 
structed by the hobbyist, or software 
written with specific needs in mind. 
What better way of employing your 
hobby skills for the benefit of others! 


Back Numbers 
Copies of most of our recent issues are 
available from: Post Sales Department 
(Practical Electronics), IPC Magazines Ltd., 
Lavington House, 25 Lavington Street, 
London SE1 OPF, at £1 each including In- 
land/Overseas p&p. Please state month and 
year of issue required. 


Binders 

Binders for PE are available from the same 
address as back numbers at £5-50 each 
to UK or overseas addresses, including 


IDEAS 

If you are handicapped a visit to one 
of these exhibitions will show what is 
available and provide the chance to try 
it out. If you are not handicapped the 
exhibitions will give you some idea of 
how your skills could be best employed 
to help others—details of venues ap- 
pear in Countdown on page 18. In- 
cidentally, with approximately four 
million disabled people in the UK such 
an interest could lead to a “mass 
production” business in providing aids 
on a commercial basis. 

As an aside we have seen no better 
use of a 555 timer i.c. than in produc- 
ing pulses to operate a paralysed per- 
son's leg muscles, enabling her to 
stand and eventually walk without 
calipers; have you? 


postage and packing, and VAT where ap-. 
propriate. State year and volume required. 
Subscriptions 

Copies of PE are available by post, inland or 
overseas, for £13-00 per 12 issues, from: 
Practical Electronics, Subscription Depart- 
ment, Oakfield House, Perrymount Road, 
Haywards Heath, West Sussex RH16 3DH, 
Cheques, postal orders and international 
money orders should be made payable to 
IPC Magazines Limited. Payment can also 
be made using any credit card and orders 
placed via Teledata Tel. 01-200 0200. 
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VIDEO HEAD REPLACEMENT KIT 


Monolith Electronics are launching a new video tape head replacment kit 
for home VCR machines of both VHS and BETAMAX types. The kit will 
enable the enthusiast to replace worn video heads in his own home 
without the need to resort to the sophisticated equipment available to 
professional video technicians. Video heads typically wear out every two 
or three years and service charges can be expensive. 


Monolith have available three universal 
replacement video heads, the main dif- 
ference between the two VHS types being 
the size of the centre hole (either 5mm or 
15mm) which locates on the main shaft. 

With the exception of a soldering iron 
every kit supplied with the head includes all 
the tools necessary to undertake head 


replacement, including five cleaning tools, 
cleaning fluid, a can of air blast for dust 
removal, an inspection mirror, antistatic 
cloth, cross-head screwdriver and a pair of 
surgical gloves for handling the head. In 
addition, a motor speed check disc for VHS 
machines and an eccentricity gauge for 
BETAMAX head alignment to an accuracy 
of about one-fiftieth of a millimetre are 
supplied. 

A maintenance manual together with 
detailed step-by-step instructions on typical 
head replacements of both VHS and 
BETAMAX types are included. 

The kit with a VHS head costs £53.25, 
and with a BETAMAX head costs £65-25, 
including post, packing and VAT. Steve 
Fitchett. Monolith Electronics Co. Ltd., 5/7 
Church Street, Crewkerne, Somerset (0460 
74321), 


BRAID-AID | 


Adcola Products Limited have 

introduced a range of ‘fine’ vt 
corrosive desoldering braid. This braid, 
it is claimed, due to its fine weave con- 
struction is faster acting by 50%; pre- 
vents possible component damage 
because of reduction in heat 
transference; gives the user greater 
comfort as there is no heat transfer 
through the material; can be used with 


low temperature/wattage soldering 
irons; holds more solder and leaves 
less flux residue behind. 

The material is supplied in either 5 
or 100ft reels, in six sizes ranging from 
-035” to -220", and costs between 
84-99 pence per 5ft reel. Contact Ad- 
cola Products Limited, Adcola House, 
113 Gauden Road, London SW4 6LH. 
(01-622 0291). 


AUTO-DIAL 
TELEPHONE 


The new, BT-approved, Ace Telcom auto- 
dialling telephone, which incorporates a 50- 
number memory storage, has three other time- 
saving features. 
The first of these is “on-hook dialling”, 
which allows a call to be initiated without first 
the handset. This means that progress 
of the call is followed “hands free” with a 
monitor loudspeaker, it being only necessary 
to pick the handset up after the call has been 
answered. 


ber is engaged, it can be easily and suc- 


cessively tried again by an automatic-recall 
(last-number) button—again without the need 
to lift the handset until the call is answered. 

And a third feature is the use of the push- 
button mechanism, in place of the historically 
conventional rotary dial—a one-handed 
operation. The instrument can also be used in 
the manner of a conventional telephone, 

Recall of the fifty stored numbers is by use 
of a single, individual button for the first 
twelve numbers and then by using the two ap- 
propriate dialling buttons for the balance of 
the thirty-eight numbers in the memory. A 
“pause” facility, for securing an external line 
on a PABX system, is a standard facility. 

The Ace Telcom is supplied by Micro 
Equipment Limited, Freepost, Bath, and can 
be ordered by telephone (0225 20312) against 
any credit card. It costs £99-95, including 
standard British Telecom connector plug, 
VAT and Securicor delivery. If the standard 
BT connector socket is not already fitted at 
the user point, British Telecom will install one 
at a cost of £11-50, inc. VAT, an application 
card for this being supplied. 


LINEAR 
INDICATORS 


Four new analogue voltage indicating displays 
from AEG-Telefunken incorporate a built-in 
decoder/driver integrated circuit. The dis- 
plays, designated the D600P series, are 
available in five or ten step configurations. 

Because of the internal circuitry no exter- 
nal drive components are required. Supply 
voltage may be in the range 12 to 15V d.c., 
with input voltages in the range 0 to IV d.c. 
Transition of segments can be linear soft 
(D620P) or linear abrupt (D630P) depending 
on the application. 


The bargraphs have a wide viewing angle of 
+30° with very low cross-talk between seg- 
ments. The units are designed generally for 
solid state indication in all forms of linear 
analogue display. One major application area 
is in VU meters used in Hi-Fi equipment, and 
one type (D634P) has been constructed with 7 
green and 3 red segments specifically for this 
purpose. Further information from Brian 
Penks, AEG-Telefunken (0753 872101). 


“PCB FILTERS 


The wide range of Mains Filters available 
from Roxburgh Suppressors Ltd., now in- 
cludes two filters designed for direct mounting 
onto a printed circuit board. 

Designated PC 103 and PC 105, they are 
rated at 3 and 5 amps respectively. The filters 
are suitable for protecting a wide range of 
equipment from Mains Transients and Inter- 


ic ag ai ep set boa 


Rifa Seif Healing capacitors ensure 
reliability and the units are fully encapsulated 
for complete environmental protection. 

The photograph shows the PC 103 mounted 
on a mains input board. The PC 103 costs 
£5-76 and the PC 105 is expected to be 
similarly priced. The filters are supplied by 
Stotron Lid., 72 Blackheath Rd., Greenwich, 
SEIO (01-691 2031). 


Briefly... 


An Australian company have developed a 
two-way office/car communications system 
with a difference. Messages are received on a 
print-out roll and speechless contact with the 
fleet can thus be maintained. 

Security is the name of the game here and 
because the messages are in written form they 
cannot be misheard or more to the point 
overheard by unauthorised evesdroppers. The 
prototype system provided only limited mobile 
unit response via a decimal keyboard using a 
programmed coding system. The second 
generation machines will have a full keyboard 
enabling proper two-way conversations to be 
held. The vehicular unit of the ‘Autoprint’ 
system also incorporates a small VDU and is 
about the size of a standard car radio. 


Two new clubs have been brought to our 
attention... 

Sinclair Amateur Radio User Group 
(SARUG). Details: c/o Paul Newman 
G4INP, 3 Red House Lane, Leiston, Suffolk 
{P16 4/2. 

RAMTOP. Details: c/o The Radio Club, 
The School, Wellingborough, 
Northamptonshire NN8 2BX. 

To obtain details about these radio 
amateur and shortwave and computer 
users groups, send SAE. 


According to Electronics Weekly the Irish 
would appear to have a lot in common with the 
Chinese when it comes to their antiquated 
telephone systems. Remedial tactics however 
would appear to be quite different. 

The trish Department of Posts and 
Telegraphs reports a 30 per cent reduction in 
installation demand. Not surprising consider- 
ing the £300 minimum connection fee. In an 
effort to curb this downward trend a loan 
Scheme has been devised with the Banks 
offering 22 per cent interest. 

The Chinese on the other hand, who 
statistically have only one telephone for every 
200 people, are planning to triple the number 
of telephones in the country by the year 2000. 
In at the start are L. M. Ericsson of Sweden 
who have won the US$11 million contract to 
supply exchanges to China's Guangdong 
province. 


Undersize magnetic bubbles, created by 
researchers at NEC, will allow a non- 
volatile computer memory of 1O0OMbits to 
fit into a chip only one centimetre square. 


NEC's ultra small bubbles are a 
hundredth the size of existing bubbles, and 
the new device offers access times of 10 te 
50ms. However, access time in terms of ° 
commercial availability is another four | 
years. The memory device, when on the _ 
market, will provide a robust alternative to | 
peripheral memories such as disc drives. 


Attention all budding film : 
with the aid of a new book and a home | 
video system, Cannes could be just 
around the corner, The book explains in . 
simple terms the systems available for 
home video taping—the right tripods, 
lenses and filters needed, how to. 
achieve correct lighting and how to 
make sound recordings and produce 
script and screen-play. Professional 
tricks and techniques are also ex- 
plained by the author, Peter Lanzeri+ 
dorf. Published by David and Charles, 
the Video Camera Handbook, systems, 
recording techniques and production, 
costs £8-95. / 


Silicon News Corner 


Silicon General § 5 bit DAC & positional 
amp, the SG291 works with SG290 & SG292 
to form 3-chip d.c. motor positioning system. 
® Quad 1-5A_ darlington switch 
8G2064—SG2077. 50-80V operation. 

§ Switching regulator power o/p stages 
SM600-SM612. For 5A pos. & neg. 85% ef- 
ficient. No reverse recovery spikes. 

§ Switching reg. power o/p stages SM645-647 
& SM655-657. As above but for 15A pos. or 
neg. 

® Pulse width modulator for d.c. motor 
$8G1731/SG2731/SG3731. Bidirectional pulse 
train in response to the magnitude & polarity 
of an analogue error signal i/p. Also audio to 
350kHz. 

® High voltage driver arrays, series 2000. 
Seven n.p.n. darlington pairs with o/c o/p's & 
inductive load protection. 600mA peak. 

§ 4A/40V solenoid/motor drivers. SG3638 = 
dual channel with chopped mode current con- 
trol and external adjustable chop frequency 
control. $SG3639 = dual channel external ad- 
justable current control. SG3640/3641 = 
chopped mode current control and external 
adjustable chop frequency control. 
$G3642/3642A = operation to 60V 

® Regulating pulse width modulator 
SG1524B/SG2524B. Incorporates under- 
voltage lock-out to prevent spurious outputs 
when supply voltage falls too low for stable 
operation. Many other refinements. 

> Tachometer F-to-V convertor SG290. uP 
compatible. Ref. V generator & position pulse 
generator. 


® SG1526 is a regulating pulse width 
modulator featuring 8-35V operation, 5V @ ~ 
1% ref, 1-400kHz osc. & dual 100mA sour- 
ce/sink o/ps. Also digital current limiting and 
guaranteed 6-unit synchronisation. 

§ Switchmode driver for d.c. motors, $G292, 
2A, 36A @ 18-36V. 30kHz. 

® SM625-627 & SM635-637 series power 
o/p stages for 15A pos. or neg. to 100kHz. 
85% efficient. 

> Triple current sense latch $G3551. I-sense: 
comparator with latch & digit reset. Designed 
for printer coil saturation control, 4-5—25V 
supply. 40V/25mA o/c o/ps. 
§ SG3636 is a 1-5 dual half-bridge driver for © 
H configuration. 8—-25V operation. 

® Universal quad 2A driver $G3637. Four 
channel o/ps to +ve or —ve rails, Inbuilt ther- . 
mal protection, & .P compatability. : 
§ Dual hammer driver $G3700. Up to 1A @ 
35¥V. Logic control of pulse duration. 

§ Airflow sensor SG3509 provides control 
functions to protect equipment from loss of 
forced air cooling. Detects airflow indepen- 
dent of temperature. 

§ Power op amp SG1173. O/p to 3-5A peak 
@ supply 30V. Current limit & thermal shut- 
down included. 

6 Quad bipolar driver SG293A. Current sour- 
ce/sink = 1-5A. Provides two full H_ bridges 
with clamp diodes. 

§ Remote shut-down pos, regulators SG78R 
series. Remote sense A TTL level shut-down. 
1-SA @ 5-24V, 1.5%. Rastra Electronics 
Ltd., 275 King St., Hammersmith, London. 


VERSATILE 
POWER SUPPLY 


The PR 655 is a versatile series regulated 
d.c. power supply that can be constantly 
varied fram 0 to 18V/O to 5A by normal 
coarse and fine manual controls or from a 
varying external resistance when in the 


remote programming mode. 


Manufactured by Trio, it is available from 
the House of Instruments, and is highly 
stable with large independent dual meters 


(OU... 


Please check dates before setting out, as we cannot guarantee the ac- 02 
curacy of the information presented below, Note: some exhibitions may 0. 

be trade only. If you are organising any electrical/electronics, radio or HY 
scientific event, big or small, we shall be glad to include it here. Address Tl 


details to Mike Abbott, 


Industry & Commerce Oct. 9-12. Leicester. N4 


Internepcon Oct. | 1-13. Metropole, Brighton. 


Laboratory London Oct. 12-15. Barbican Centre. E Z 
Drives/Motors/Controls Oct. 12-14. Leeds University. E Z 
Analyticon (ex. & conf.) Oct. 12~14. Barbican Cntr., London. L4 


PARC Oct. 17-20. Wembley. O 
Computer Graphics Oct. 18-20. Wembley. O 


for both current and voltage indication. 
Voltage and current variations as well as 
ripple and noise have been reduced to a 
minimum. 

Other features include: remote sensing; 
fixed current protection circuit; 
series/parallel master/slave mode; |.e.d. in- 
dication of regulated voltage and current 
operation; and rack mounting capability. 
Front panel switching is provided to discon- 
nect the output terminals for voltage and 
current adjustments to be made with the 
load connected. : 

The PR 655 is priced at £305 ex VAT, 
and is evailable from the House of Instru- 
ments, Quiswood Ltd., 30 Lancaster Road, 
St. Albans, Herts AL1 4eT. 


Patents-A guide 
for inventors 


Three new booklets explaining what a 
patent is and how to apply for one are now 
available from the Patent Office. 

“Basic Facts”, the first booklet, is inten- 
ded as a simple introduction for those who 
know littie or nothing about patents for in- 
ventions in the United Kingdom. It gives a 
brief rundown on what patents are, how 
they are obtained and the kind of protection 
they give. 

The second booklet, ‘/ntroducing 
Patents—a guide-for inventors”, is aimed at 


people like private inventors who have a 
specific interest in the subject and who 
need more detailed information. It should 
help inventors to decide whether to patent, 
and if so, whether to apply for a national 
patent or to try one of the international 
routes. Some idea of the costs and the 
various pitfalls that can occur are given. 

The third booklet, “How to Prepare a UK 
Patent Application” is only for those who 
have decided to apply for a patent without 
professional help, at least in the initial 
stages. The pamphiet is not, however, in- 
tended as a substitute for the services of a 
patent agent. It merely seeks to enable 
those who follow its advice to avoid the 
serious consequences which may result 
from filing an application without sufficient 
knowledge of the patent system. An 
inadequately-completed application may 
prejudice the grant of a patent or reduce its 
commercial usefulness if one is granted. 

The pamphlet explains in detail how to 
prepare a specification and sets out the 
various procedures involved in filing and 
prosecution of the application to the stage 
of substantive examination. 

“Basic Facts’ and “introducing 
Patents—a guide for inventors’ are both 
available free of charge from the Patents 
Office, 25 Southampton Buildings, London 
WC2A 1AY. “How to Prepare a UK Patent 
Application” is only available on personal 
request from the Patent Office. No charge 
is made for the booklet. 
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North East Engineering Oct. 18-20, Newcastle. 02 


Microfair (1983) Technology for the handicapped. ¥2. 

Opening times: Mon.—Fri. 10am—4pm (Thurs. to 7.30pm) admission 

free at the following venues: Hereward College, Bramston Lane, Tile 
Hill Lane, Coventry, Oct. 3-7. Oriental & African Studies School, 
London Univ., Mallet St., Oct. 24—28. The Gallery, Dept. Design, 
S. Glam. Inst. Higher Education, Howard Gdns., Cardiff, Oct. 31- 
Nov. 4. Scottish Health Service Cntr., Crewe Rd. South, Edinburgh, 
Noy. 28-Dec. 2. 


The Concerned Technology (IT for handicapped). Y3 

At the following venues: Plymouth. The Air Domes, Oct. 7-9. London. 
Alexandra Palace, Oct. 12-14. Newquay. Contiki Hotel, Oct. 21-23. 
Milton Keynes. Middleton Hall, Oct. 28-30. Ipswich. The Corn 
Exchange, Nov. 4—6. Norwich. East Anglian Ex. Cntr., Nov. 11-13. 


PARC (computers in architecture, conf.) Oct. 18-20, Wembley. O 
International Business Show Oct. {8—26. NEC. Z 

Business Efficiency Exhibition Oct. 22-26. Earls Court, London. Z 
Luton Oct. 25-26, Luton, O3 

Electronic Displays Noy. 1-3. Kensington Ex. Centre, London. D4 
Seoteng Nov. 6-10. Kelvin Hall, Glasgow. M 

Photo Lab Expo Nov. 7—10. NEC, B/ham. B6 

Software Expo Nov. 8-10. Wembley. O 


Network ¢ 02802 5226 

Evan Steadman f 0799 22612 
Tomorrow's World ¢ 0272 292156 
Douglas Temple ¢ 0202 20533 


What's Good! 


lt was always said that what's good for 
General Motors is good for the United 
States. We might also suggest that what's 
good for Silicon Valley is good for world 
electronics, As fine a trend indicator today 
as General Motors ever was. And the trend 
from Silicon Valley is upward, all the way. 

Advanced Micro Devices (AMD) claim to 
have still made money during the two-year 
downturn and are now romping away with 
30 percent sales increase and lengthening 
order books. Intel is currently enjoying 
record sales and near record profits. 
Monolithic Memories have scored a 55 per- 
cent increase in sales and newcomer LSI 
Logic, still a comparative midget, has an 
eight-fold boost in business. 

On our side of the pond Ferranti brought 
forward by almost a year a £7 million in- 
vestment in expansion of production of ICs. 
ULA sales have doubled in a year and other 
devices have improved volumes, The 
generally happier business climate should 
help all device manufacturers, not least 
Inmos who should benefit from an ex- 
panding market. 

But nobody can afford to be complacent. 
Emergent technological nations like Taiwan 
and Korea are constantly climbing the 
learning curve. One Korean firm, for ex- 
ample, expects to be producing 256K rams 
by 1986. Such is the pace that today’s 
exotic products will be commonplace 
tomorrow and already within the sights of 
many third world countries. 

Where do we go from here? In VLSI, 
Japan's NEC Electronics is about to launch 
an 11,000 gate array. And within five years, 
it was forecast at a recent seminar in Edin- 
burgh, Ultra Large Scale Integration with 
over a billion transistors per chip will be 
feasible. 

None of the 50 experts meeting at Edin- 
burgh University was forthcoming on how 
they would achieve the magic billion. Trade 
secrets, no doubt. But clearly line width 
reduction is a pre-requisite, A clue to the 
possible technology comes from a new 
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Californian company called Micronix who 
have recognised that ULSI is beyond the 
resolution of conventional optical 
lithography, in fact beyond the theoretical 
limits. Their answer is to graduate to X-ray 
lithography for mask-making and wafer 
processing of submicron devices. 

After all the recent fuss over transfer of 
high technology to the Soviet Union one 
imagines it may be difficult to get a 
Micronix machine out of the United States. 
But if you have impeccable credentials you 
could be lucky. That is if you can also afford 
750,000 US dollars for the basic machine. 


The League 


League tables, although not always en- 
tirely accurate, give at least some idea of 
comparative performance. One of the most 
fascinating to appear recently is the 
Mackintosh European Electronics Com- 
panies File ‘Top 100°. Not least of the dif- 
ficulties in compiling such a table is the 
problem of isolating the electronics content 
in company results from other engineering 
activities in major groupings like GEC. 
Another is currency fluctuations which 
can distort comparative results, not to 
mention differing fiscal year-ends. 

Mackintosh concludes that the 
electronic-only sales of Europe's leading 
electronic groups experienced a 4 percent 
overall fall in sales during 1981/1982 from 
the previous year. But on a national basis 
Britain was unique among the Europeans in 
actually increasing sales from 12-3 billion 
to 13-4 billion dollars and maintaining 
profitability. The Japanese group in Europe 
also increased sales but at lower profit. 

The frightening statistic to emerge is that 
of sales value per employee, an indication 
of productivity. Here the British score was 
48,000 dollars on average, typical for 
Europe as a whole but less than the 
Americans and miles behind the Japanese 
who averaged 128,000 dollars. 


ALARM 


What was good news for British 
Aerospace and Marconi was a blow to 
Texas instruments and Lucas, After much 
heart-searching and a rumoured split in the 
Cabinet the government finally decided to 
buy the all-British ALARM (Air Launched 
Anti Radiation Missile} in preference to the 
US-designed HARM (High-Speed Anti- 
Radiation Missile) for which Lucas was to 
be prime British sub-contractor. 

To clear any confusion the word ‘radia- 
tion’ in this context is nothing to do with 
atomic energy. It refers to the elec- 
tromagnetic emission from ground-based 
radar installations. The idea is that when a 
hostile radar is detected by the aircraft's 
radar warning receiver the missile is 
launched and homes on to the target, 
destroying it with a high-explosive 
fragmentation warhead. An early example 
is the US Shrike first used in Vietnam. 
Several models were needed with different 
guidance heads to accommodate the fre- 
quency variations among different 
categories of hostile radar. The simple 
defence was to switch the radar off. 


Third-generation systems such as HARM 
and ALARM have wide-band homing 
heads, eliminating the need for separate 
models for use against early warning, 
ground control intercept and surface-to-air 
missile radar guidance systems. It, is 
probable, too, that the newer missiles with 


MPU ‘brain power’ will complete the attack |. or 
even if the radar is switched off. In ° 


technical jargon, dual-mode homing plus 
the ability to re-program the software to 
meet future threats as yet unknown. 

ALARM is to cost £300 million initially, 
more costly than HARM and coming into 
service later. On the credit side it will keep 
Britain in the forefront of technology and 
has good export expectations. The British 
Rapier missile system, for example, has had 
great export success. Turkey is to buy £150 
million worth following on orders from the 
US Air Force (£150 million) and Swit- . 
zerland (£200 million). 


Falklands 


Whatever the merits of the Fortress 
Falklands policy there is no doubt it’s good 
for business. Before last year's crisis the 
Cable & Wireless station relied on HF radio 
for communications with the outside world, 
Now the Falklands has its own satellite link 
with high grade telephony and the 
capability of receiving TV transmission from 
the UK. The new satellite station, built In a 
rush program by Marconi, is containerised 
and installed on hard standings near the 
Governor's House, Port Stanley. 

Two Plessey AR3D three-dimensional air 
defence radars maintain air surveillance 
over a radius of 270 nautical miles. Ajr- 
lifted to their permanent sites by Chinook 
helicopter they can handle multiple inter- 
ceptions at a central operations room. 

A spin-off from battle experience is a 
£30 million contract won by Racal Radar 
Defence Systems for naval electronic war- 
fare equipment. A further development of 
the Cutlass system, the equipment will go 
into the Royal Navy's new Type 23 frigates 
and should provide more effective defence 
against radar-guided missiles. It is note- 
worthy that Racal won the contract using . 
Cardinal Point Specification Bidding. This is 
a procedure which, while meeting Royal 
Navy requirements, optimises the export 
potential of the equipment. Racal won a 
Queen’s Award for Export Achievement this - 
year by trebling exports of electronic war- 
fare systems, 


Plessey 


It is hard to believe that only a few short 
years ago Plessey was so much in the - 
doldrums that market analysts were 
suggesting possible takeover. Latest first- 
quarter figures to hand show a turnover of 
£287 million, up £72 million from the 
previous corresponding period, Pre-tax 
profits were up from £31-5 million to 
£38-2 million. 

Microelectronics was quoted as having 
strong growth in demand which is further 
evidence that the Silicon Valley recovery, 
reported in my opening paragraphs, is well 
reflected here. 
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FIRST FULL PROJECT FEATURING THE ICL 7129 CHIP 


ford month, we featured a 44 digit Panel Meter based on 
the Intersil 7129. This is a single chip 44 digit A/D con- 
verter with direct LCD drive. The panel meter itself will 
have an immense number of different applications, wherever 
low-cost, portable and accurate measurements need to be 
made. 

An obvious use for the meter is as the heart of a digital 
multimeter. The project that follows is the first featuring the 
ICL 7129 that has been published anywhere in the world. 


BOARD DESCRIPTIONS 

At the moment, there are very few 44 digit handheld 
DMMs available. Those that are are extremely expensive, 
ranging from £200 to £300 each. 

This instrument comprises two boards, the DPM6O panel 
meter as featured last month, and a conditioning board 
which converts all inputs into a voltage in the range O- 
200mvV d.c. Classified the DP2010A it is a development of 
the DP2010 featured in November 1982 issue, but utilising 
a 44 digit display. 


INPUT HT 


As the panel meter construction and operation was fully 
described last month, we will only now consider the con- 
ditioning board. 


CONDITIONING BOARD 

The circuit diagram of the DP2010A is shown in Fig. 1. 
Switch S3 selects d.c. or a.c. functions whilst connecting the 
battery to the appropriate circuitry via S3c and S3d. When 
the switch is in the centre ‘off’ position, S3a and S3b isolate 
the input to the module to prevent damage. Switch sections 
S1a and $1b route the input to voltage, current, resistance 
or diode check stages. 

For the measurement of a d.c. voltage an input attenuator 
is formed by resistors R1 to R5 which are high stability 
metal film types, The attenuator settings ensure that each 
input range is reduced to 200mV full scale for input to the 
module. The input impedance of the mulitmeter is the stan- 
dard value of 10 megohms and ensures that negligible 
current is drawn from the voltage source. 

When a current range is selected, S2b selects one of four 


Fig. 1. Circuit of the conditioning board 
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A kit containing the DPM components plus all parts needed 
to construct the complete Multimeter is available at £49.96 . 
‘including VAT and p&p from Lasear Electronics Ltd., 

_ Module House, Whiteparish, Salisbury, Wilts, SP5 
28J. (Tel. 07948 567). 


shunt resistors R9 to R12, each of which should develop 
200mvV with full scale current input. The value of R12 is set 
to allow for the effect of switch and p.c.b. track resistance. A 
series chain configuration could have been used for current 
sensing, but the low value resistors required could be dif- 
ficult to obtain. 

A fuse protects against excessive input currents and 
diodes D2 and D3 protect the instrument from the applica- 
tion of high input voltages. 


A.C. FUNCTIONS 

When S3a selects a.c. functions the output from either 
the voltage attenuator or current shunts is fed through C1 to 
remove any d.c. component. 
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TEST GEAR PROJECT 


The operational amplifier [C1 is a TLO61 connected as a 
precision rectifier. The j.f.e.t. input results in high input im- 
pedance and the supply consumption is only 250uA. Diodes 
D3 and D4 rectify the alternating input and the positive 
component is sampled by R14 and filtered by R16 and C5. 
The circuit is mean sensing and calibrated to indicate the 
r.m.s. value of sine wave inputs by establishing the correct 
gain of the amplifier stage. The gain is set by R15 and R11 
and use of the values indicated will eliminate the need for 
calibration, Alternatively, a 10k potentiometer could - sub- 
stituted for R11. 


RESISTANCE RANGE 

In order to minimise the components required for 
resistance measurement and eliminate the need for 
calibration adjustment, a ratiometric method of resistance 
measurement is employed. 

For all other multimeter functions, the voltage reference 
within the module is employed and the 1V output is connec- 
ted to the module reference inputs via S$1c and S1d. All in- 
puts to the module are thus compared against the reference 
voltage. For resistance measurement the supply is applied 
across the reference resistor Rr and the unknown resistor Ax. 
The voltage developed across each resistor is dependent 
upon the ratio of the two resistors and the value of the un- 
known resistor may be read directly using the equation: 
Reading = 10°Rx/Rr. 

Metal film resistors R13 to R16 are used as references. It 
would have been possible to use the resistors from the 
voltage attenuator as references but the resistors required 
are in reverse order to those for the voltage ranges, resulting 
in the decimal points on the display being incorrectly 
positioned. Additional switch sections would be required to 
provide correct decimal point location and to isolate R5 from 
circuit common. 

Resistance measurements should not be made on live cir- 
cuits but protection against the application of high input 
voltage is provided. R17, D5 and R24 form a voltage clamp 
and current limiter. 


DIODE TEST 


When a silicon diode is forward-biased into conduction 
the voltage drop across the device is approximately 0-6V. 


21 


Fig. 2. Top and underside details of Multimeter p.c.b. 
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DPM60 SOCKET MOUNTING 


Fig. 3. Board layout and below right, showing how the two 
sockets for the DPM60 (featured last month) are angled 
relative to the board. To calibrate the 2A range, solder a wire 
to the p.c.b. as shown and touch the free end to pads 1-8 to 
obtain the most accurate reading. When this is done solder 
the wire into place 


The 200mV full scale of the module is however too low to 
measure this voltage drop. When S1 selects Diode Test 
function, biasing from the battery is available via D4 and R6. 
When the applied diode is forward-biased the voltage drop 
will be attenuated by a factor of 10 by R7 and R8 to bring it 
within the measurement range of the module. If the 2V 
range is selected the decimal point will be correctly 
positioned on the display for direct readout of the diode 
voltage. 

tf the applied diode is open-circuit or reverse biased, it will 
not conduct and the display will be over-range. If the diode is 
short circuit the display will read zero. Because of the ac- 
curacy of measurement available close matching of tran- 
sistor V,, can be carried out. 

The diode test should not be made on live circuits but 
diode D1 will protect the instrument from the application of 
high negative input voltages which would otherwise be 
shunted onto the supply by D4. Positive input voltages are 
held off by D4. and safely attenuated by R7 and R8. 


PANEL METER DPM60 
Constructional details of the DPM60 featuring the Intersil 
7129 chip were given last month. 


CONDITIONING MODULE 

Components should be checked against the component 
list and assembly commenced by soldering the resistors and 
capacitors in place, followed by the diodes and integrated 
circuit carefully noting the orientation. The three slider 
switches should now be fitted to the p.c.b. and prior to 
soldering check that each switch is perpendicular to the 
board and pushed down as far as possible. Remember the 
boards are plated-through-hole and difficult to desolder. 

The fuse clips and fuse may now be fitted followed by the 
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Fig. 4. Module connections 
for measuring a floating 
voltage source with 
200mV full scale and 
autopolarity indication 


INPUT 
implemented 


VOLTAGE 


p.c, mounting terminals, battery connector leads and socket. 
The other end of the ribbon cable may now be soldered to 
the panel meter module. 


TESTING 

The OPM is a self-contained instrument and may be 
tested and calibrated before connection to conditioning 
modules if required. 

Fig. 4 shows how the instrument may be connected to 
measure a floating voltage source in the 0-200mV range 
with the DPM powered from a 9V battery. 

The voltage between COM and V+ should be approx- 
imately 3-2V and battery consumption about 1-2mA. When 
the IN HI and IN LO connections are shorted together the 
display should show 0000. 

With a 100mV source connected between !N HI and IN 
LO the display should read 10000 when VR1 is adjusted. 
Calibration may also be carried out by comparison with a 
meter of known accuracy. 

The testing of the instrument should be carried out before 
the case is fitted and after checking all the soldering, the 
battery should be connected. 

With the input switch to 20V d.c. the display should be 
0-000 and the voltage between IN LO and battery positive 
should be approximately 3-2V. The voltage between pins 9 
and 7 of the module should be 1V. Apply a 10V input and 
adjust VR1 until the display reads 10-000. 

Switch to 20mA d.c. and check the reading with a 10mA 
source connected, To calibrate the 2A range, switch to 
2000m<A and apply a current of up to 1A. The meter should 
give a reading which is too high. To set the correct reading 
refer to Fig. 3 and select the appropriate board resistance. 
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Fig. 5. Showing the meter in use 


Switch to 20k range and check that with the input open 
circuit the display shows a 1 in the most significant digit 
with the other three digits suppressed, which is the over- 
range indication, Connect a standard 10k resistor and check 
the reading. 

With the instrument switched to 20V a.c. apply a 10V a.c, 
source and check the display. 

The diode test function should be checked with a known 
diode and the reading should be approximately BOOmV with 
a silicon diode or 300mV with a germanium diode. 

The “Continuity” annunciator will be activated on any 
range if the input to the meter is less than about 230mV (see 
last month). This is very useful when checking for electrical 
connection because it is much more rapid.in operation than 
the meter, which has to recover from overrange every time 
continuity is established. If the continuity feature is not re- 
quired, then link pins 11 and 16 on the panel meter socket. 
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Acquisition & 
Reproduction 


Part One 


Experimental Speech System 


VER recent years some extremely sophisticated tech- 

niques have been developed for the digital encoding of 
speech, and for its reconstitution. The purpose of this article 
is not to discuss these techniques (see references), but to 
present a very simple method, and its implementation using 
a 6502-based microcomputer with minimal extra hardware, 
whereby speech may be digitised, and subsequently 
regenerated, with an adequate degree of intelligibility. This 
method is relatively economic in its use of memory for 
storage of the speech data, and has the outstanding advan- 
tage that the encoding process is simple. One may readily 
construct any chosen vocabulary, whether composed of 
complete words, phrases, or phonemes. This is in distinct 
contrast to the most commonly used method of speech 
digitisation, involving linear predictive coding to reduce 
redundancy, and utilising a digital model {a lattice filter) of 
the human vocal tract for the reconstitution of speech. 
Although highly complex, this hardware is now cheap and 
readily available. However, it is not at all easy for the user to 
construct his own vocabulary, as the encoding process is so 
complicated. 

The method presented here is not new in concept and is 
based upon the well-known observation that the intel- 
ligibility of infinitely clipped, or zero-crossed speech, is 
remarkably high. This is due to the particular spectral 
characteristics of speech, especially its quasi-periodic 
nature. Anyway, given this observation, it is but a simple 
step to see that one may encode zero-crossed speech 
waveforms by storing digitally the time intervals between 
successive zero-crossings. The zero-crossed speech 
waveform may be faithfully reconstructed by an inverse 
process of generating switching intervals corresponding to 
the magnitudes of the digital speech data. Note also that 
speech may be speeded up or slowed down on replay (but 
the pitch also changes accordingly). In practice it was not 
found possible to speed up the speech appreciably on replay, 
because of the limited speed of the microprocessor. 

Initial experiments had the simple aim of digitising a few 
seconds of continuous speech (including any periods of 


os 


P.Creighton 


silence). Once this had been achieved, and the reconstituted 
speech shown to be almost identical to the original zero- 
crossed speech waveform, the programs and hardware were 
developed further to enable isolated words or word seg- 
ments to be digitised and stored between known limits in 
memory. Knowing where in memory the speech data com- 
prising a word starts and ends, it becomes a simple matter 
to replay any particular chosen word under program control. 


FIRST STEP: Acquisition and replay of a few seconds 
of continuous speech, including silences. 

A little consideration suggested that sufficient speed 
could be obtained only by using the 6502 interrupt system; 
it would take rather too long to repeatedly examine a digital 
input line, testing for a change of state. The acquisition 
hardware operates as follows: 

First a source of audio signal with a peak amplitude of a 
few volts rather than millivolts, is required. This can be ob- 
tained from a microphone followed by a suitable preamplifier 
(Fig. 1.1.), but if such a pre-amp is not available, then the 


DYNAMIC 
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ov 


Fig 1.1. Preamplifier circuit 


audio signal may be pre-recorded and replayed from a 
cassette recorder at maximum volume, taking the audio out- 
put from the earphone socket. 

In Fig. 1.2, 1C1 is configured as a comparator receiving an 
input which is filtered to give a bandpass response between 
about 300 and 3,200Hz. The comparator threshold may be 
set within a certain range either side of zero by means of 
VR1, Ideally, the threshold should be set at zero, but in prac- 
tice it is preferable to set the threshold just above the noise 
level, either positively or negatively. Clearly it is necessary to 
conduct these experiments in an environment relatively free 
of acoustic noise. 

The comparator provides a “zero-crossed” output or, 
expressed another way, an infinitely clipped version of the 
audio waveform. The function of the pre-filtering is to restrict 
the bandwidth to the minimum compatible with reasonable 
intelligibility. This will economise on memory usage for the 
storage of the words, especially those with a high sibilant 
content. 

IC1 is followed by an edge detector, consisting of a simple 
delay and an exclusive-OR gate. This gives positive-going 
pulses of minimal duration (the acquisition Count routine 
must not interrupt itself). These pulses are inverted by IC3a 
+ 74LS20 and then supplied to the IRQ input of the 6502 
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Fig. 1.2. Additional circuitry for systematic vocabulary acquisition 


microprocessor. The reason for using a 4-input NAND gate 
rather than a simple inverter is to enable the system to be 
expanded later on. 


ACQUISITION SOFTWARE 

Table 1.1 gives the assembly listing. Table 1.2 gives a 
hexdump of the acquisition program. The storage area re- 
served for speech data is $1000 to $1FF, so a minimum of 
8K of memory must be available. 4K of memory is thus 
available for storage of speech data, which is enough for a 
few seconds of speech. 

INTA1 is the acquisition program. It consists of two parts, 
an Initialisation routine, and a Count routine. 

Superboard || has a small area of free memory, located at 
addresses $0250 to $02FF, which is not used by BASIC, so 
it was decided to assemble the programs into this area. Note 
that the machine used was fitted with WEMON; on 
machines without WEMON this area of free memory in page 
3 is slightly larger. 

The first part of the acquisition program is concerned with 
initialisation. It ensures that all arithmetic operations are 
conducted in twos complement binary rather than in BCD; 
then it sets up the system IRQ vector to access the Count 
routine. The remaining instructions set up a 2-byte indirect 
pointer to access memory for the storage of zero-crossing in- 
tervals, starting at $1000; then the counter (the X-register) 
used for timing the intervals is cleared, interrupts are made 
possible, and the processor cycles in a jump-self wait loop 
until the first interrupt pulse arrives. ~ 

Operation of the second part, the Count routine, is best 
understood by reference to the assembly listing. Essentially 
it stores the last count value, and counts again until another 
interrupt pulse occurs, in which case the counting starts 
again, or until a count of $FF is reached, in which case the 
same thing happens, except this time via a JMP rather than 


5 : INTA1: Initialisation 
10 START=624 ; Start assembly at $0270 
20 CLD ; Clear decimal mode flag 
30 LDYIM 76 ; Set up IRQ vector to 
access Count routine 
40 STY 561 
50 LDYIM 80 ; L byte of start address of 


Count routine 
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60 STY 
70 LDYIM 
80 STY 
90 LDYIM 
100 STYZ 
110 LDYIM 
120 STYZ 
130 LDYIM 
140 LDXIM 
150 CLI 
160 WAIT JMP 
170 END 
173 
175 START=592 
180 NXT TXA 
190 STAIY 
200 LDXIM 
210 CLC 
220 LDAZ 
230 ADCIM 
240 STAZ 
250 LDAZ 
260 ADCIM 
270 STAZ 
280 CMPIM 
290 BEQ 
300 cLI 
310 CNT INX 
320 CPXIM 
330 BNE 
340 JMP 
350 EXIT BRK 
370 END 


N.B. All operands in decimal 


562 
2 


563 
ie) 


1 
16 


WAIT 


o- 


NON=—=—= 


32 
EXIT 


255 


CNT 
NXT 


TO TRO INPUT 
OF 6502 MPU 


TO NMI INPUT 
OF 6502 


\\ connect WHEN USING VOCABULARY 
ACQUISITION SOF TWARE 


; H byte of start address of 
Count routine 


; Set indirect pointer P1 
to $1000 


; P1 offset = zero 

; Clear counter 

; Enable interrupts 

; Jump-here wait loop 

; Location counter= 
dec, 656 

; INTA1: Count routine 

; Start assembly at $0250 

; Transfer last count 
value to location 
currently addressed 
by P1 


; Clear counter 
; Increment P1 


; Exit if P1 = $2000 


; Enable interrupts 

; Start counting 

; Continue to count until 
an interrupt occurs, or 
count reaches $FF, in 
which case back to NXT 


; Location counter = 
dec. 624 


The object code for these routines is executed from $0270 


Table 1.1. The assembly listing 


25 


Count Routine 

0250 8A 91 O1 A2 OO 18 AS O1 
0258 69 O01 85 O01 AS O02 69 £4200 
0260 85 02 C9 20 FO O9 58 €E8 
0268 EO FF DO FB 4c -50 02 00 
initialisation Routine 

0270 ps AO 4C sC 31 O02 AO 50 
0278 sc 32 O2 AO O02 8C 33 £402 
0280 AO 00 84 O1 AO 10 84 2 
0288 AO oO A2 oO. 58 4C 8D Q2 
Replay Routine 

0290 ps AQ9 oO 85 O1 AQ 10 85 
0298 02 AQ 00 B1 01 AA CA EO 
02A0 oo DO FB cS FF FO 03 8D 
02A8 82 EF 18 AS 01 69 01 85 
02B0 o1 AS O02 69 OO 85 02 C9 
02B8 20 bO EO 4C€ 90 02 


Table 1.2. Hexdump of Acquisition programs 


an interrupt. Thus intervals longer than $FF count units wilt 
be truncated to that value. In practice most intervals do not 
exceed $FF units, but the reason for incorporating this 
feature is to enable silences also to be encoded, as a train of 
bytes of value $FF. For this first experiment this was of in- 
terest, because some words do contain brief silences, and 
also to enable continuous speech to be encoded. Later it is 
attempted to record single words one at a time, both with 
and without this feature, to see how great a difference the 
omission of brief intra-word silences makes. For the pur- 
poses of the present programs, however, it is enough to note 
that the replay program is designed to skip over bytes having 
the value $FF, i.e. it treats them as silence. 

At the other extreme there is a minimum interval between 
consecutive zero-crossings that can be correctly resolved; 
this is the time taken for the execution of instructions in lines 
180 through 300. Again, the quality of the resuts obtained 
suggests that intervals so brief are rare in band-limited 
speech, 


REPLAY OF ZERO-CROSSED SPEECH 

The hardware required for reconstitution of the zero- 
crossed speech is even simpler than that employed for 
acquisition. Best results are obtained if the replay is filtered 
to remove the high-frequency raggedness of the sound, and 
the low-frequency rumble component. This is easily 
achieved using an audio amplifier (Fig. 1.3.) equipped with 
bass and treble controls. Alternatively, a simple audio 
amplifier may be used in conjunction with the same pair of 
filters used for the acquisition process. 

The replay program, Table 1.3, generates pulses on a par- 
ticular write line, in this case W2, whose address is decimal 


HIGH-CUT FILTER 


LOW-CUT FILTER 
48 TO 2,196H2 


(Eo12s3) 41 TO 268Hz 


Fig. 1.3. Audio amplifier incorporating bass and treble 
controls 


355 ; RPFF3, replay program 
360 START=656 ; $0290 
370 START CLD ; Clear decimal mode flag 


380 LDAIM fe) : Set P1 to $1000 

390 STAZ 1 

400 LDAIM 16 

410 STAZ 2 

420 LDYIM 0 ; Pl offset =O 

430 NXTBT LDAIY 1 ; Put next byte in X-register 

440 TAX 

460 LOOP DEX ; Count down with X until 
zero 

470 CPXIM (6) 

480 BNE LOOP 

490 CMPIM 255 : Check if byte = dec. 255 

500 BEQ NOTOG ; Ifso, skip over toggle 

510 STA 61314 _ ; Toggle flip-flop 

520 NOTOG CLs : Increment pointer P 1 

530 LDAZ 1 

540 ADCIM 1 

550 STAZ 1 

560 LDAZ 2 

570 ADCIM ie) 

580 STAZ 2 

590 CMPIM 32 ; Repeat for next byte until 
P1 = $2000 

600 BNE NXTBT 

610 JMP START _ ; Back to beginning 

620 END ; Location counter = dec. 70 


Execute from $0290 
Table 1.3. Replay program 


61314. The pulses occur at intervals corresponding to the 
original zero-crossing intervals, and are used to toggle a flip- 
flop, Fig. 1.4, to generate the reconstituted infinitely clipped 
speech waveform. Clearly at least one address-decode write 
line is needed. See references for suitable circuitry. The func- 
tions of capacitors C1 and C2 is not immediately obvious, 
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W2 IS AN ADDRESS - DECODED 
WRITE LINE AT DECIMAL 61414 


% SEE TEXT 
Fig. 1.4. Toggling flip-flop 


but they were found necesary to ensure clean toggling 
operation of the flip-flop. | speculate that there may have 
been double-pulsing or ringing on the write line, although | 
could not detect it by eye on an oscilloscope. Thus these 
capacitors may not prove necessary, and | suggest ex- 
perimenting with their values. : 
NEXT MONTH: The second part of this article will deal 
with programs and additional hardware for building up a 
vocabulary of isolated words, and for replaying specific 
words under program control. It will also consider some of 
the possible uses of these techniques for producing complex 
sound effects rather than speech, and look at zero-crossed 
speech data graphically with a view to possibilities for 
speech recognition. 
REFERENCES 
1) Speech Synthesis. Practical Electronics Nov., Dec. 7980 
2) Interfacing Compukit, by D. £. Graham, Practical 
Electronics Jan.July 1987. 
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V.T.'s views and opinions are entirely his own and not necessarily those of PE 


HOUSANDS of milkmen up and down the 
pm leap into them every working day 
of the week. Harrod’s, the thinking man’s 
corner shop, used to run a fleet of them. 
There are the physically-handicapped who 
find them a wonderful aid to a fuller life. It is 
even said that Prince Philip, when in town, 
uses one to pop round to his barber for a 
short back and sides or to slap a couple of 
quid on a horse at his friendly neighbourhood 
Ladbroke’s. 

What am I on about? Readers of PE, ever 
quick on the uptake, will have already 
realised that I’m referring to Battery 
Operated Vehicles. Or, if you hayen’t much 
time to spare, BOYVs. 

Like the poor, BOVs seem to have been 
with us always. Yet they do not seem to have 
made much of an impact on the ordinary 
motoring public. Neither does the technology 
appear to have made any spectacular ad- 
vances. If it has, then I must apologise to the 
manufacturers. But they have been a bit 
reticent about it. 

So what’s the current state of the art? How 
strong is support for a wholesale switch from 
petrol to electric power? Is the BOV the heir 
apparent of internal combustion? Or will its 
principal role continue to be the bearer of our 
daily pintas and an absorbing hobby for an 
exclusive band of buffs? 

Which brings me to Brian Hampton. He’s 
an instrumentation engineer with an aircraft 
industry background. He is also PRO of the 
Battery Vehicle Society (BVS). In that 
capacity I met up with him because he seemed 
like a chap well-qualified to throw some light 
on the subject. 

“Let’s get one thing straight,” he said. 
“There are two bodies with a special interest 
in BOVs. One is the Electric Vehicle Associa- 
tion, that’s the manufacturers’ outfit, and 
ourselves, the BVS. 

“We have a kind of love-hate relationship, 
alternately reviling and encouraging each 
other.” 

The BVS was born in 1973 when a number 
of milk float enthusiasts got together. Later 
in 1979 they organised a race meeting at 
Rushmoor Arena, Aldershot. This proved to 
be the catalyst for a series of regular contests. 

BVS membership now stands at around 
280 and includes fans from such faraway 
places as Sweden and Hong Kong. “Not,” 
says Brian, “that such distant members really 
get a lot for their £5 a year subscription. 
Membership, by the way, seems to have a 
four-year life, approximately. Whenever we 
make a survey we find that the numbers of 
joiners and leavers roughly tally. You won't 
be surprised to learn there’s usually a surge, 
albeit often only temporary, whenever the 
price of petrol rises.”* 
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What motivates your BOV devotee? Is he 
at heart really a dedicated ecologist who sees 
the BOV as a vital tool in the battle against 
environmental pollution? 

Brian exploded that myth with devastating 
frankness. ‘‘I’ve never, to be honest, ever met 
up with that kind of motivation. In any case, 
although BOVs may be cleaner runners in 
themselves, the objective is defeated if you’re 
going to use coal to generate the power they 
consume. No. The main advantage as I see it 
is that if offers flexibility of energy resources. 
Or, to put it another way, it enables you to 
change the flavour of pollution!” 

A body like the BVS, with a small mem- 
bership and slender finances, obviously relies 
a lot on sponsorship for its activities. Back in 
1979, for instance, Lucas ran a competition 
to boost their battery sales. They called it 
How Far Can You Get? Entrants had to sub- 
mit a design for a BOV and those whose ef- 
forts showed the most promise were invited to 
build upon their designs and take part in the 
field section of the contest. As a matter of in- 
terest, the winner clocked up some 40 miles, 
using a battery of 48 Ib. 


“"We have a kind of 


avr 


love-hate relationship 


Looking a long way ahead, could the BOV, 
we asked Brian, conceivably take over from 
the family car? 

“Pd say it was feasible,” he replied. 
“Although the present models available have 
a maximum range of not more than about 
100 miles. The root of the matter, in my 
personal view, is that car manufacturers in 
general are not all that well engineering- 
balanced. Motor design has not changed all 
that much over the years, really. It hasn’t 
been shaken up enough. Of course, it’s 
relatively easy to take out an internal com- 
bustion engine and put an electric one in its 
place. But to design and build a BOV from 
scratch calls for substantial investment and 
development. And manufacturers are not fall- 
ing over themselves to take it on. 

“Battery development is an important fac- 
tor in the BOV’s future. Technically it would 
be perfectly possible to design a vehicle which 
would carry you from London to Edinburgh 
on a single charge. But for that you’d need a 
purpose-built battery which might cost as 
much as £40,000. 

Another key element is the direction in 
which public demand is likely to swing. Brian 
reckons that the motor industry has been 


more than sluggish in the area of market 
research, 

“They don’t really know what customers 
want,” he says, “‘and they tend to base their 
designs on wishful thinking. It could be that 
there are millions of people driving around in 
cars they don’t really like.” 

Readers of PE, who have a proper respect 
for the particle, will be understandably 
shocked by Brian Hampton’s equally in- 
dividualistic and forthright views on elec- 
tronic control, 

“You go along to a dealer to buy a BOV 
and he’ll tell you that for about £700 you can 
have electronic control. Give it a whirl, he 
says. It will give you both higher efficiency 
and more mileage. I’ve tried it, and it doesn’t. 
An efficient circuit needs copper. Nothing 
matches up to it. A lot of silicon in the circuit 
does no good at ail.” 

Now is the time for you all to slip quietly 
away and pray for Brian Hampton’s soul. 

Overall, I get the impression that the boys 
of the BVS brigade are by no means a bunch 
of crusading zealots, fervently dedicated to 
sweeping internal combustion from the 
Queen’s highway and turning us all into 
propellors of purring runabouts with speeds 
which make old Aesop’s tortoise look like 
Concorde at full throttle. No. For them it’s a 
grand fun thing. And what’s wrong with 
that? 

Nevertheless, the BOY’s technical potential 
is obviously considerable. All seems to rest 
with the manufacturers. Perhaps the airing 
of the subject may encourage them to res- 
pond, 


x * * 


Harking back to that very successful 
Schools Electronic Design Award Competi- 
tion, jointly sponsored by Mullard and our 
sister journal Everyday Electronics. 

Winner of the first prize was Martin Cragg 
(15) from Roland Green School, Nottingham, 
who carried the day with his electronic pen- 
dulum project. Without going into the hi-tech 
plus points of his design, his teacher believes 
that it will make the teaching of the principles 
of the pendulum a lot easier. For his effort, 
Martin went home with the judges’ praise still 
ringing in his ears, a handsome trophy, £300 
and components to the value of £200. 

What is slightly baffling, in view of a talent 
so evidently displayed, is that Martin, who 
has just taken his O levels and hopes to carve 
out a career in electronics, was turned down 
by John Player and given a silent big elbow 
by the giant Plessey who didn’t even bother to 
reply to his application. 

Take heart, Martin. History is littered with 
such instances of worth unappreciated. 
Everybody fell about laughing when little 
Beethoven first climbed on to the piano stool, 
Few believed that Davey’s lamp would ever 
see the light of day. Newton’s descending 
apple was initially regarded as a simple 
windfall. When Hargreaves tried to tell peo- 
ple about his spinning jenny they thought it 
was some drunken bird he'd picked up. The 
Marks family warned him to steer clear of un- 
known entrepreneurs when he came home 
one day and told them he’d run into a bright 
young Jad called Spencer. 

Subsequent events have put the record 
straight. 
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It looks like a standard Lancia 
Delta yet underneath the skin 
lurks an electronic extrav- 
aganza using over a score of 
microcomputer chips 


P.EV. PHILLIPS 


Motorola 


Wire, wires, wires! Enough to stretch $km were rip- 
ped out of the conventional Delta to be replaced with 


75 metres of wire and fibre-optic cable 


“Let's get comfortable first." Any one of four 
preprogrammed seat and driver's mirror positions may 
be selected at the touch of a switch. The vacuum 
fluorescent displays include a trip computer readout 
and a message centre which flags faults 


plete with a red line at 70-mp 
an in 
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and loads ineluded in Itiplex'system 
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- Electronics 
in the 


Family Car 


es 


ORSPLAY SUPPLIES 


MULTIPLEXEO ADDRESS AND DATA BUS 


PROGRAMMING SUPPLY 


Motorola’s Converted Lancia 
Delta. An electronic key 
allows windows to be wound 
up and down, and doors to be 


unlocked remotely, but the Fig. 1. Block diagram of the Driver Information System. The trip computer and 
vehicle is ‘‘no gimmick'’. The message centre each uses a twenty character alpha-numeric display. All dis- 
whole car can be tested via plays are vacuum fluorescent, which will remain the preferred technology until 


one diagnostic socket L.c.d.s are developed further : 


system which is not likely to be in any production car for at least 
five years. 


OUTSTATION CONTROL 

The method of operation of this microcomputer controlled 
system is as follows—The (MC68705U3) scans the switches, 
encodes the information and sends it to one of the seven outsta- 
tions (5 doors, 2 seats) by pulsing the appropriate |.e.d. for that 
unit. Each of the seven fibre-optic links is run in half duplex 
mode, with the Led. being used in photovoltaic mode as a 
receiver. All of the outstations include an MCU to decode the in- 
formation plus load driving circuits using discrete components. 
In the case of the seat and front door units an MCM144102 
CMOS RAM is used for memorising seat and mirror positions 
and the MCU is a MC68705R3, which includes on-board A/D 
for position information conversion. 

The units in the door send back information on whether the 
door is locked or unlocked and whether it is closed or not. The 
units in the seat can detect whether or not there is somebody 
sitting there, and if so, whether their seat belt is fastened and 
send this information back. 

The use of the fibre optic system has made it relatively easy to 
include another system that is beginning to appear on some up- 
market cars; an electronic key. The hand-held remote unit (key) 
is pointed at a detector on the dashboard and the appropriate 
button pressed to lock or unlock the doors, or wind the windows 
up or down, 

This uses an infra-red technique similar to television remote 
controls and incorporates MC 145026/MC 145027 remote con- 
trol transmitter/receiver parts designed for that purpose. 

There are two other multiplex systems in the car, both using 
normal wiring rather than optical fibres. One of these is a large 
system for controlling all of the “normal” loads in the car such 
as lights, wipers, etc. The principle is similar to the fibre optic 
system, but in this case there are four wires that run down each 
side of the car and across behind the “dashboard” to form an 
“H”. The central contro! box is located behind the “dashboard” 
in the centre of the “H” and encodes all the switch information 
as electrical pulses on two of the wires; the other two are for bat- 
tery supply and ground. There are several load control outsta- 
tions connected to the system, one in each corner to control the 
lights and horns, one for the windscreen wiper motor and one for 


Computer graphic of the Motocar's H configured wire 
and fibre-optic multiplex systems. The main wire 
multiplex bus consists of four wires. One is a heavy 
battery positive line which supplies power to the out- 
stations and to the controlled loads (current is retur- 
ned to the battery by chassis return in the normal 
way). Another is a ground for the outstation elec- 
tronics. The third is the data transfer line (bi- 
directional in a half duplex mode), and the fourth con- 
trols the direction of data transfer, and synchronises 
transmission 


the rear screen wiper and heated rear window. Each of these 


units is capable of sending information back to the central con- 
trol if any of the loads are not working, so that the driver can be 
told by the message centre. 

Each of the units in this system, including the central control, 


is run by an MC68705P3 MCU. All load switching is done by 


TMOS power FETs, up to eight loads each of up to ten amps 
can be controlled by each unit, although not all of this capability 
is used. 


he 


The other multiplex system uses just three wires to send all 
the information from the steering column switches back to the 
central control of the larger system. This system is constructed 
entirely from standard MC 14000 series CMOS parts and uses a 
simple parallel in/serial out to serial in/parallel out shift register 
technique. 


ENGINE CONTROL 

The car has been converted from carburettor to fuel injection, 
electronically controlled, of course. This gives the ability to con- 
trol the fuel going into the engine more accurately, which means 
better economy without sacrificing performance. If we ever get 
emissions regulations as stringent as those in the USA, this type 
of system will be absolutely necessary to have any hope of keep- 
ing reasonable fuel economy. 

The system used here employs two processors, one to manage 
the engine control and another, an MC68705P3, to interface the 
unit to the wire multiplex bus. The engine control (see Fig. 2) is 
achieved using an MC68705R3 plus several standard CMOS 
parts and is very much an experimental system. A more power- 
ful processor, such as the MC6801, would be needed to realise a 
system that would be practical for good drivability, emissions 
and fuel efficiency performance, without the need for a lot of 
extra integrated circuits round the MCU. 


CREATURE COMFORT 

Another system that has been included to give the driver and 
passengers a bit of extra-creature-comfort is the climate control, 
This automatically controls the heating and air-conditioning 
system so that the driver just dials up the temperature he wants 
and the system takes care of the rest, no matter what the tem- 
perature is outside. Again this system uses a combination of an 
MC68705P3 to interface to the wire multiplex bus and an 
MC68705R3 to perform the real time control function. 

The systems included in the MOTOCAR are only some of 
those that exist already or can be foreseen as production 
systems; also none of the units are intended to resemble a final 
production form, they are all purely for experimental purposes. 


Practical Electronics November 1983 


Fig. 2. Engine Control block 
diagram. Using a phase-locked loop 
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il START ENRICHMENT = ree to multiply the distributor signal, 

ayanren SELECTOR the system synchronises to high 

SUPPRESSION kare resolution engine angle signals 
ia representing 0-35 deg. each. 


The insistence of car manufac- 
turers on negative earth electrics (to 
minimise body corrosion) makes the 
n-channel TMOS device awkward 
0 = LIMP to apply to outstations in a 
“production acceptable’’ vehicle. 
Alternatively, the efficiency of 
p-channel TMOS is such that a 
supply voltage several times higher 
than 12V is necessary. Motorola‘s 
investigations will reveal whether it 
AIR BYPASS is more practical to distribute a 
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SPARK 


COOLANT TEMP MALVE shared HT from a central invertor, 
: BYPASS or incorporate a dedicated invertor 
an in each TMOS outstation. This is a 
W.O.T SWITCH typical example of the engineering 
ccm mA TILES questions that the Milton Keynes 
INTERFACE team must answer 
OATS {Eci93} 

ANTI-SKID cope with the driving wheels being stationary while the engine is 
running. The best known of this type is the Van Doorne belt 
Anti-skid braking is one system that has already been men- type that was used in Daf cars. There are a lot of interim solu- 
tioned, and a lot of work is going on to make this important tions to gear box contro! that are being investigated to provide 
safety feature available in a cheaper form. The search for better automatic control while avoiding the losses associated with a 

fuel economy has lead to the concept of power train manage- torque converter. 
ment. This involves the use of a single control system looking af- All of the various systems mentioned above can provide 
ter the engine (fuel quantity and spark timing) and the gearbox technical benefits in terms of improved fuel consumption, safety 
(ratio) so that the optimum performance can be achieved for any and appearance. When they are likely to appear on the average 
given driver demand. family car is largely a question of economics, It is certain that 
The development work here is directed not so much at the the process has begun, as is demonstrated by the complex 
control system as at the special type of gearbox that is required ignition system on the Volkswagen Polo and by the electronic 
to make this system work. This is a constantly variable dashboard and MCU engine control on the new Austin 
transmission that has no clutch or torque converter but can still Maestro. * 
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90p each (minimum of 5); 80p each 56p each (minimum of 5); 53p each your computer. 

{minimum of 25) ‘minimum of 25). Provides almost unlimited vocabulary when 


Videotone Ltd., 98 Crofton Park Road, Crofton Park, London SE4. plugged into the User Port. Software con- 


tained in the article. 
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HIS month, the operation of the Z-Modulation and Inter- 

nal Clock options is described, and construction details 
are given. The Z-Modulation option, which can only be used 
with the Scope Display option, uses the Z-Modulation input 
of the oscilloscope to brighten up the word at which the 
analyser was triggered. The word is intensified whenever 
and where-ever it is displayed on the screen. The Internal 
Clock (or Asynchronous Clock) option works independently 
of the other options, and allows asynchronous operation of 
the analyser at three selectable sample frequencies. The 
selected frequency is also available at the CLOCK OUT 
socket (SK7) to drive the unit under test. 


Z-MODULATION OPTION 

Refer to Fig. 4.1. 1C301 is an 8-bit latch, and 1C302 is a 
4-bit latch, only two of which are being used. TRIG LATCH, 
which is generated when the analyser is triggered (see main 
circuit description, Part 1), latches the address present on 
the address bus into 1C301 and 1C302. This address is the 


Fig. 4.1. Z-Modulation option 
circuit diagram 
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address in the memory, where the data word at the input to 
the analyser when the analyser was triggered, is stored. The 
latched address at the outputs of IC301 and 1C302, are con- 
nected to the B set of inputs of the three 4-bit magnitude 
comparators, IC’s 303, 304 and 305, The corresponding A 
inputs of the comparators are also connected to the address 
bus. Now when the scope option scans a section of the 
memory (see Part 3) that, for example, includes the address 
in which the “trigger word” was stored, the comparator 
1C305 produces a pulse on the A = B output every time that 
address appears on the address bus. (The reason being, that 
address is obviously equal to the address originally held in 
the latches.) 

“Trigger word” is in quotes to indicate that the word 
intensified by the option is not necessarily the word that 


_ triggered the analyser via the word recogniser. It could also 


be the word that was at the input of the analyser when the 
unit was triggered via the EXT or MANUAL triggers, if either 
of those trigger modes were selected. 
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The output at pin 6 of IC305 pulses high as described 
above, causing TR302 to pulse on, and OUTPUT 2 goes low 
for the duration of the pulse. TR302 switches TR301 on, and 
it in turn causes OUTPUT 1 to pulse high. Thus two pulses 
are provided as outputs, one positive going and the other 
negative going. Consult your oscilloscope manual to see 
which should be used—the pulse direction that causes the 
scope trace to intensify should be selected. The Z-Mod input 
to an oscilloscope is usually at the rear of the instrument. 
The author's Advance-Gould oscilloscope uses OUTPUT 1, 
the positive going pulse. An input to the Z-Mod connection 
on an oscilloscope causes the trace to intensify (or dim) at 
the point on the trace which was drawn at the instant the Z- 
Mod input was applied. See Fig. 4.2 for a graphic example. 
The last bit of circuitry to be described concerns the LINK. 


Fig. 4.3 (above). Z-Mod option p.c.b. layout (track-side) 


Fig. 4.4 (above right). Z2-Mod option p.c.b. layout (component- 
side) 


Fig. 4.5 (below). Z-Mod option component layout (actual size) 
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TEST GEAR PROJECT 


Some oscilloscopes require larger amplitude pulses than 
others to produce an acceptable level of intensification. 5V 
was more than adequate for the author's oscilloscope, and 
therefore the link was connected to point A. Should 5V be 


Fig. 4.2. “’Bright-up” timing diagram 
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Integrated Circuits 
1C301 
1C302 
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not sufficient, however, any external voltage (perhaps 12V 
from the analyser 12V line) can be applied to EXT VOLT IN, 
and the link soldered to point B. 


CONSTRUCTION 

Construction follows the procedures given previously for 
the other p.c.b.s already described. Veropins can be used for 
the outputs and EXT VOLT IN. Make sure all the required 
holes have been connected through, in the manner already 
described. 

The through connections at the p.c.b. fingers are included 
to ensure connection to either the a or b side of SK6. The 
author experienced a bad solder joint on the side of SK6 
nearest 1CS18 and 19 and could not rectify it once the unit 
had been completed (the soldering iron wouldn't fit!). The 
other side of SK6 is easier to get to, and hence the through 
hole connections. 


TESTING AND USE 

Once the p.c.b. has been thoroughly checked, it can be fit- 
ted in SK6, and the correct output connected (temporarily) 
direct to the oscilloscope Z-Mod input. Switch on the 
analyser, trigger it, and store some data. When the analyser 
is finished and converts to the display mode, the left-most 
word displayed on the oscilloscope screen should be inten- 
sified (as described in earlier parts, this word is of course the 
word at which the analyser was triggered). Moving the UP/ 
DOWN switch should cause the intensified word to either 
move off the screen (to the left) or across the screen (to the 
right). It is worthwhile scanning through the whole memory 
{it will take some time, but be patient!) to check that only 
one word is intensified. More than one intensified word 
points to one of the address lines on the p.c.b. being open 
circuit (or may be held high or low). When the p.c.b. has 
been proven operational, mount a BNC connector on the 
rear panel, and connect the selected output to it (an earth 
point is provided on the p.c.b.—see overlay, Fig. 4.5). In use, 
connect the oscilloscope Z-Mod input to this connector. 


INTERNAL CLOCK OPTION 

Refer to Fig. 4.6. 1C401 is a crystal controlled oscillator 
ic. designed for operation up to 2OMHz and with a high fan- 
out capability. In this application, a 5MHz crystal is used. 
The ic. application data recommends a crystal with low 
motional capacitance (less than 5mp) and a capacitance of 
10p to achieve high stability. The author has used a standard 
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Fig. 4.6. Internal Ciock option circuit diagram 


Fig. 4.7. Clock option p.c.b. layout (track-side) 
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Fig. 4.8. Clock option p.c.b. layout (component-side) 


Fig. 4.9. Clock option component layout (actual size) 


30p capacitance crystal (which is cheaper) with no detec- 
table effect on the analysers operation. VC401 can be used 
to trim the frequency to exactly 5MHz, but if such high 
accuracy is not required, an 18p ceramic capacitor can be 
fitted instead (holes are provided on the p.c.b. for this pur- 
pose). As is required with all oscillator circuits, the supply 
rails are decoupled by C402. D401 is a tranzorb, which is re- 
quired to prevent transient spikes on the supply rails causing 
the i.c. output to latch up, and consequently damage the i.c. 
The 5MHz output is taken to the p.c.b. edge connector, and 
to 1C402's B input. 1C402 is connected as a bi-quinary coun- 
ter, and a divide-by-five output (1MHz) is available at its OB 
output. |C403 is connected in a similar manner, however, a 
divide-by-ten output (100kHz}) is taken from its QA output. 
C403, 404 and 405 complete the power rail decoupling, It 
may be agreed that a simple oscillator constructed from 
NAND gates would be cheaper, and would work just as well, 
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However, there are further options under consideration, and 
if these materialise, they would require an accurate, stable 
clock, Hence it was decided to include a better class clock 
from the beginning. 


CONSTRUCTION AND TESTING 

Once again, construction follows the same pattern as for 
the other p.c.b.s. Fig. 4.9 gives the component layout. When 
construction has been completed and checked, apply 5V to 
the card. Using a DFM or an oscilloscope, check that the 
correct frequency is available at the respective p.c.b. edge 
connector fingers. If VC401 has been fitted, adjust it for ex- 
actly 5MHz at 1C401 pin 5. If all is well, plug the p.c.b. into 
the mother board, and switch the analyser on. Again, check 
with a DFM or oscilloscope that the frequency selected by 
$14 is available at SK7 output, for all the positions of S14. 


NEXT MONTH: This final part describes the CMOS com- 
patible input option. 


NOTE: A hex dump of the contents of IC10 and IC11 of the 
Analyser’s Display board may be obtained from PE (Poole of- 
fice) by sending a SAE. 
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for any transaction arising between readers as a result of a free ad. 
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Private advertisers only (trade or business ads. can be placed in our 
classified columns}, Items related to electronics only. No computer 
software. PE cannot accept responsibility for the accuracy of ads, or 

115V relays and bases 50p. 115V 8 cam timers 

and switches £4, 240V isolation transformers 

110-0.6 £4. D. J. Crowther, Boy and Barrel, 


Woodville Terrace, Selby. Tal: 0757 703863. 


TEKTRONIX type 519 oscilloscope plus ac- 
cessories and manual reasonable offers con- 
sidered. Also large digital voltmeter. Joseph 
Harding, 30 Springhill, Upper Cam, Dursley, 
Glos, GL11 5PF. 


MICROTAN. Tanex, factory built 7k RAM. 
BASIC X-bug keypad. ASC11 keyboard. 
Manuals. Fully working £200 o.n.o. Pete Blakey, 
3 Eshton Walk, Park South, Swindon, Wilts SN3 
2DZ. Tel: (0793) 487940. 


HEATHKIT test gear, IG-18 signal generator 
£40, 10-103 oscilloscope £35, 1B-1101 fre- 
quency counter £30 also others. E. Lockyear, 
142 Crescent Dr., Petts Wood, Kent. Tel: 0689 
35815, 


WANTED 2 speakers Lowther, PM4 or PM6 2 
Leak or Radford tube power amps (mono). Mr. 
Goran Holm, Brannerigatan 1NB, 11638 
Stockholm, Sweden, Phone (08) 415992, 

NEW components for sale boxes, i.c.s, resistors, 
capacitors, pots switches, displays no callers list 
large s.a.e. G, A, Noble, 50 Crofthill Rd., Slough, 
Berks SL2 THF. 

WANTED ‘scope c.r.t. type 701B or electrical 
equivalent ex-equip. o.k. Mr. J. C. Cheale, 17 
Cantelupe Rd., Haslingfield, Cambridge CB3 
7LU. Tel: (0223) 870569. 

KAY electric guitar. Built in effects include fuzz, 
echo etc. £150 o.n.0. You collect or post. Mr. N. 
Taylor, 4 Berckeley Close, Hyde, Cheshire SK14 
SAL. Phone 061 368 2168. 

WANTED Tangerine or Acorn system tack 
and/or bus board. Must be in good order, V. 
Fojut, 39 Arderne Rd., Timperley, Altrincham 
WA15 6HN. Tel: 061 969 2710. 


TELEQUIPMENT D43 dual trace oscilloscope 
with manual. Good condition Buyer collects. 
£65, Call Chang 041 332 7695 after 9p.m, K, Y, 
Chang, 70, 1-up, Ashley St., Glasgow G3 BHW. 
BACK issues for quick sale: PE, EE, R&EC, ETI, 
Elektor, Byte, PCW etc. approx, 5001 cheap! Mr. 
J. Fleming, 279 Upton Lane, Forest Gate, Lon-— 
don E7 9PR. Tel: 01-472 5929, 


FOR UK101 48 x 32 board £10, Cegmon £10, 
assembler editor 3 x 2716 £12, word processor 
£10, will split. Please phone 0642 484122, Mr. 
D. Doyle, 21 Skelton Drive, Marske by Sea, Red- 
car, Cleveland. 


PE Minisonic, sequencer, analogue reverb + 
other kits. All as new cost £310 accept £250. 
Tel: Atherton (0942) 892193. 

CASIO Vi-1 electronic organ/calculator, 10 
Rhythms, 5 preset voices plus programmable 
sound mode £25. Tel: Wye 01-897 9369. 


Please publish the following small ad. FREE in the next available 
issue, | am not a dealer in electronics or associated equipment. | 
have read the rules. | enclose a cut-out valid date corner. 


SIGMATGG: ccose-cs deqen'en evenies wes db Sunsmanes PORT ss. cstirie oelatepnatie waterseunva 
Please read the RULES then write your advertisement here— 
one word to each box. Add your name, address and/or phone no. 
COUPON VALID FOR POSTING BEFORE 4 NOVEMBER 
1983 (One month later for overseas readers.) 

SEND TO: PE BAZAAR, PRACTICAL ELECTRONICS, WESTOVER 
HOUSE, WEST QUAY ROAD, POOLE, DORSET BH15 1JG, 


BLOCK CAPITALS PLEASE 


For readers who don’t want to damage the issue send a photostat or a copy of the coupon (filled in of course), 
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DISCOVERY 

The Science and Engineering Research 
Council (SERC) has been in the news again 
with the exploits of IRAS (Infrared 
Astronomical Satellite}—its most recent dis- 
covery being a ‘shell’ around the bright star 
Vega. The astronomical name for this star is 
Alpha Lyra. It is a very bright star and has 
often been used as a steering marker for 
spacecraft since it is considerably brighter 
than the Sun. The class of star to which it 
belongs is that of AO, its magnitude 0-04, it is 
a blue star and is some 26-5 light years from 
Earth. 

The actual discovery was made by Dr. 
Hartmut C. Aumann and Dr. Fred. Gillett of 
the Kitt Peak National Observatory. They 
were studying Vega as a means of calibrating 
the telescope and discovered that it appeared 
much larger and brighter than expected. They 
soon determined that the region which was so 
much larger in infrared was coming from an 
extended region around the star. This seemed 
to extend for about 80 AU (astronomical 
units). This is about 7,400 million miles. The 
temperature of the material appeared to be 
around 88° Kelvin. This is about equal to that 
of the Pluto complex. From theoretical con- 
siderations it was clear that the material was 
much larger in its size than would be if it were 
dust grains that had been left over at Vega’s 
formation. 


SPACE TECHNOLOGY 

Once again the expanding technology of 
space has brought immediate rewards. 
However there is of necessity a word of warn- 
ing to be given. Because of this recent 
discovery it is almost certain that there will 
follow a spate of claims of a knowledgeable 
populated system with the flying saucer know- 
how etc. To forestall any such red herring 
treatment of the subject perhaps it would be 
of some use to go over the principles of the 
telescope. 

The infrared telescope relies on temperature 
not visible light. It measures the departure of 
bodies from a certain temperature source. 
These changes are recorded and an examina- 
tion made of the results. The results that led to 
the discovery of events around Alpha Lyra are 


_ infrared results and are consistent with a body 


or bodies surrounding that star. It must be 


. \ appreciated that this star because of its 
\brightnéss has always been of interest to 
‘astronomers. What has now emerged is a new 
~ dimension to enable the star to be better un- 


derstood. It is another bonus to the team who 


"are ‘contfolling the satellite from Chilton in 
Oxfordshire. The team is led by Dr. Eric 
‘Dunford. 


| MORE INFRARED FINDS 


The satellite also discovered a 20 million 
milé long tail on Comet Tempel 2. No tail had 
ever been seen before this. It was discovered 
‘by John Davies of the University of Leicester, 
who has since April discovered 4 such bodies. 

Tempel 2 is one of a number of well known 
comets. Its orbit round the Sun has a relatively 
short period coming inside the orbit of Mars 
every 5-28 years. The nucleus of this comet is 
probably only a mile or so in diameter, From 
early September till mid-October it will be 
about 100 million miles from earth. It will then 
go back to the outer regions of space. The dis- 
covery of the extraordinary elongated tail is 
exciting because most comets of short period 
(less than 15 years) have lost their tails 
because at each passage round the Sun some 
of the material is lost. Some observers now 
feel that such tails might still be detected by 
infrared light. 


X-RAY DISCOVERY 

The X-Ray Satellite EXOSAT was 
launched on the 26th of May last. It passed its 
commissioning period successfully and started 
actively to carry out its task. When this began 
at the end of June it discovered that its sen- 
sitivity was much greater than had been ex- 
pected. It was built by Marconi Space and 
Defence Systems in Portsmouth who provided 
three-axis pointing control to 1-2 seconds of 
arc. This was better than specified. The first 
task of EXOSAT was the observation of a 
source which might be a ‘Black Hole’. After 
obtaining the most up-to-date information on 
Gygnus X-1 the telescopes were focused on a 
young supernova remnant, Cassiopeia A. Im- 
ages from the low energy telescopes show an 
intense ball of hot gas, expanding from the site 
of the initial explosion, which occurred around 
AD 1634, The proportional counters show 
clear features that are characteristic of the 
heavy elements of iron, sulphur, silicon and 
the magnesium group. This supports the view 
that it is in such massive explosions that all 
elements other than priordial hydrogen and 
helium are present. 

The array of gasfilled proportional counters 
were designed and developed by Leicester 
University in collaboration with the Max 
Plank Institute. The gas scintillation counter 
which was being flown in a satellite for the 
first time was designed and developed by ESA 
(European Space Agency) Science Depart- 
ment with support from the MSSL and univer- 
sity groups from Milan and Palermo. 

EXOSAT has a highly elliptical orbit, 
340—192,000 km. It is operated from the ESA 
Operations Centre in Darmstadt, West Ger- 
many. It is expected that the EXOSAT will 
operate for about four years. 


MARS ORBITER 

There has been considerable disappoint- 
ment about discarding the satellite visit to the 
planet Mars during the past few years. It 
seems now that such a mission may well be 
planned during the next few years. Indeed it 
has been put down for the budget of 1985. If it 
should succeed it is to be hoped that a flight 
could be possible in August 1990, This would 
arrive over Mars in August 1991. Some con- 
siderable detail has already gone into the 
proposals which seem to have been favourably 
received. 

The approach most likely to be adopted 
would involve an orbiter/observer according 
to the space studies which have been carried 
out. It seems that A.V. Diaz who is in charge 
as deputy director of Solar Exploration at 
NASA would agree “Our belief is that, other 
than some generic changes like a deep-space 
transponder, there are no changes to be made. 
We have been looking at the technical and 
management interface between the contractors 
and JPL in an attempt to optimise efficiency. 
We want to let the contractors do what they 
do best in the production line mode and JPL 
do what it does best in terms of mission 
science.” 


PRIMARY PAYLOAD 

The essential instruments at present are 
considered to be— 

A gamma ray spectrometer: Experience on 
Apollo-17 recommends this, it would be used 
for surface composition studies. 

An infrared reflectance spectrometer: This 


would be used to provide a mineralogical map — 


and would also map on a seasonal basis the 
water vapour and carbon dioxide in the atmo- 
sphere and on the surface. 

A radar altimeter: Earlier planetary ex- 
perience was gained on the Pioneer Venus 
mission. 

An atmospheric sounder; Martian atmo- 
spheric temperature and pressure, dust and 
water vapour profiles can be obtained using 
this technique. Experience has been gained 
with both Pioneer and Mariner. o 

An ultraviolet spectrometer/photometer: 
To measure ozone in the Martian atmosphere. 

It is hoped that with the previous experience 
and well tried ‘kit’ the maximum benefit 
should be gained at minimum cost. 


USA AND EUROPE 

The USA has told the European Space 
Agency that if they want to fly a co-operative 
mission to Saturn they must decide by the 
Autumn. If they do not then America will 
drop participation and go on with Mariner 
Mk2 mission. They claim they must do this to 
avoid any interference that might arise. The 
Mariner Mk2 is a mission to Comet Honda 
Mrkos-Pajdusakova. 

This is not the first time that the European 
Agency has been confronted with what 
amounts to a fait accompli. The sooner that 
this situation is resolved the better. At the mo- 
ment American science prestige seems to be 
paramount. How much will they risk to be 
first? 


Frank W. Hyde 
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AST month we looked at the Intel approach to “system-on-a- 

chip” microprocessors, and saw how the 8748 architecture had 
been stripped to the bare essentials with lots of ingenuity and short 
cuts to maximise performance at the lowest cost. Now 
as they say, for something completely different, the Motorola 
approach! 

Actually there are two single chip families from Motorola, one 
based on the 6805 microprocessor and the other on the 6801, but 
unlike the Intel 8048 family, both of the Motorola families are to 
some extent compatible with their multi-chip cousins, the 6800 
and the 6802. 

The family | am going to deal with this month is that based on 
the 6801, actually an expanded 6800 processor with 2K bytes of 
ROM, 128 bytes of RAM, 29 I/O lines, a 16 bit timer, and a UART, 
all squeezed into a 40 pin package. This is the newest and most 
powerful of the Motorola single-chippers, being roughly equivalent 
to the Intel 8051 and considerably more powerful than any of the 
members of the simpler (and cheaper!) 6805 family. 

As usual, | will concentrate on the family member which features 
EPROM memory, the 68701, since this is the most suitable variant 
for hobby projects while being functionally identical to the masked 
ROM 6801. Also available though, and the cheapest route to 
6801-style systems, is the 6803 which is designed for use with an 
external EPROM such as the 2716. 

Motorola decided, no doubt wisely in view of their late entry into 
the single-chip market, that their 6801 family should be compatible 
with the 6800 instruction set and should not, therefore, take ad- 
vantage of the simplifications used by Intel to reduce chip and code 
sizes, Even with the simpler 6805 a large measure of 6800 com- 
patibility has been retained. As | pointed out last month, there cer- 
tainly are advantages in dispensing with some of the complexities 
of multi-chip processors when all you are trying to design is a 
processor to control simple real-world processes such as central 
heating systems, but as readers of the 6800, 6809 and 68000 file 
articles will understand, Motorola don't go in for messy solutions! 

Looking at the 68701 in more detail, we find a complete 
6800/6802 processor, without any omissions, but with lots of ad- 
ditional features, which together, make this processor the most 
elegant (that word again!} single chip processor, and one which is 
likely to appeal strongly to all Motorola fans who appreciate the 
lean, uncluttered, architecture typical of that genre. 

One particularly nice feature of all 6801 family members is their 
ability to assume one of eight available operating modes depending 
on the circuit they are plugged into. At the end of the RESET pulse 
a three bit code temporarily asserted on three of the port lines is 
read into the processor and used to select the required operating 
mode, which would normally be a constant for any particular cir- 
cuit. The modes available reflect the great flexibility possible with a 
single chip processor having a full 64K memory map, and can be 
split into three fundamental groups as follows: 

Single Chip (Modes 4—7): in these modes, off-chip memory 
expansion is not permitted and all I/O lines are used only as 
ports. Mode 4 is actually a test mode which allows the execu- 
tion of test programs loaded into RAM. 

Expanded Non-Multiplexed (Mode 5): this mode allows 
off-chip memory expansion up to 256 bytes by using PORT 4 
as an 8 bit address bus and PORT 3 as a bidirectional data 
bus. This mode is especially useful for interfacing to external 
memory mapped I/O devices. 

Expanded Multiplexed (Modes 0, 1, 2, 3, 6): in these 
modes access can be gained to a full 64K byte memory space 
by using PORT 3 as an 8 bit multiplexed data/address bus, 
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and PORT 4 providing up to 8 high order address bits. Mode O 

is intended for EPROM programming, Mode 1 includes the 
on-chip EPROM, while Modes 2 and 3 exclude it. Mode 6 in- 
cludes all internal memory and ailows programmable memory 
expansion to less than 64K to make PORT 4 lines available for 
other purposes. 

The ability to program operating modes in this way makes for 
more efficient use of the processor resources while avoiding the 
need for dedicated selection pins. Note that in the multiplexed 
modes the 68701 can out-perform a 6800 or 6802. 

Although the 6801 family has only been available for a year or 
so, already moves are under way to add new variants to the basic 
NMOS 6801/68701/6803 core. First on the scene were Hitachi 
with their CMOS HD6301, a souped-up 6801 with 4K bytes of 
ROM, but Motorola have now countered with the new 6801 U4 
and 68701 U4 versions with 4K of ROM and EPROM respectively. 
Despite the minor change in the part numbers, these two new 
Motorola variants also have a variety of other new features and will 
be available for high clock speeds. 


REGISTERS 

Unlike the 8748, the 68701 has a full set of general registers, 
and these are identical to those found on the 6800. There are two 
accumulators, A and B, with the new feature that these can be 
used together for 16 bit operations, like those available on the 
6809. There is 16 bit index register, X, which is quite a luxury on a 
single chip processor, although Motorola have resisted the tempta- 
tion to provide two of them because that would have interfered 
with 6800 compatibility. 

Remember the 3 bit stack pointer on 8748? Well, the 68701 
has a full 16 bit pointer, so you can put the stack anywhere and 
make it as big as you like, There's a 16 bit program counter, too, to 
reach all that memory, and an 8 bit flag register, to complete the 
set. 

In addition to the 6800 style general registers, there are 
numerous others to suit the 68701 to its role as a system on a 
chip. So many, in fact, that | was unable to get all the details down 
on the file sheet. 

There are four ports, and each port has both a data register to . 
hold input or output data, and a data direction register which 
specifies whether particular lines are to be used as inputs or as out- 
puts. Notice how much more sophisticated this arrangement is 
compared with the simple scheme used by the 8748, Ports 1 and 2 
offer 8 and 5 bidirectional |/O lines respectively, and are indepen- 
dent of operating mode except that three pins of port 2 are used to 
input the mode code. Ports 3 and 4 resemble port 1 when mode 7 
is in use, but in the expanded system modes these ports are 
programmed to act as data/address busses. 

Port 3 is particularly flexible, and has an additional tiaclatee 
allocated to it to hold its control and status information when in the 
single-chip mode. A variety of special functions are available via 
this port, although these are rather too complex to describe here, 

The Timer/Counter section is also much more sophisticated than 
the simple 8748 facility, and has a 16 bit (rather than 8 bit) counter 
stage supported by three additional registers as follows: 

Timer control and Status Register: an 8 bit register con- 
taining individual control and status bits. 

Output Compare Register: a 16 bit register used for count 
comparisons and to control output waveform functions. 

input Capture Register: a 16 bit register used to hold the 
counter value when triggered. 

Also very sophisticated and well endowed with registers is the 


12/1 


68701 
RAL 


REFERENCE FILE SHEET 


the relatively new 68701 NMOS processor trom Moford!@ 1s ane of +e most powerte, 


8 bit single chip devices currently avai/able. featuring 2K8B 


of PROM, 128 byfes of 


RAM, 29 parallel lo lines ,a (6 bit -hmerfeounter, a versatile serial communications 


tntertace and full 6800/6802 compatibility, the 6870L 1s egealle 


at home in single 


or multi-chip systems. At power-up the chip can be programmed tnté one of eight 


modes which cater For various system co 


REGISTERS FORTS E MEMORY 


THE 68701 HAS A FULL SET OF 
GENERAL REGISTERS IDENTICAL TO 
THOSE OF THE 6800.17 ALSO HAS 
VARIOUS SPECIAL REGISTERS FOR 
PARALLEL & SERAL PORTS AND ATINGR. 
MTHAS A FULL 69K MEMORY MAP. 


15 MMOEX REGISTER 
15 STACK POINTER 0 


1§ PROGRAM COUNTER 0 
# “46S FS 
SERIAL COMAUKMICATIONS REGS. 
F RECEIVE OF FRMSMIT 
77H ER, 


PERFORMANCE OATA 68701 


MEMORY ADDRESS RANGE :- 


CLOCK FREQUENCY .- 
POWER SUPPLIES. - 


TRA, WMI 
4 125 MHz ALSO AVAILABLE ,XTAL=X4 


INTERRAPTS :- 


BENCHMARKS 63701 
AOD REGISTER TOACCUM 2s 


QGeaccum ro PoarO ots 
MOVE FROM MEMORY ToMEMOAY Bus 
O Ext#én/0£0 MODE 


MANUFACTURERS 
ORIGINATOR: MOTOROLA 
2W0.S0URCES' FAIRCHILD , HITACHT, 


AMI (APPLIES TO 6801 
Pamiey 1! GENBRAL). 


igarations andeven EPROM programming. 


INSTRUCTION SET & SOFTWARE 

the 68701 set includes all of the 6800/6602 
mnstructions , some wrth improved performance, 
andeleven new ones Which provide useful 

new capabilities sich as 16 b+ arithmetic 

and an 8x8 multiply hanks to instruction 
set pompatibijity, mast existing 6800 

Si are can be directly executed bythe 
68FOL 


RESET 
WHI 


TR@t 


BASIE 
SINGLE CHIP 


OTHER FAM/LY MEMBERS 


680L FOUNDER MEMBER OF THE 
FAMILY B47 USING MASKED 
ROM INSTEAD OF EPROM 
OTHERWISE (OENTICAL TO 
63701. 


ROMLESS 6801 AND THE 
CHEAPEST WAY INTO THE 
FAMILY. USE WiTeH 2716 
EPROM 10 GIVE 2 ChHP 
68701 EQUIVALENT. 


OMY LOQSELY BASED ON 
6801 , THE HITACH/ 6302 
(8 [WV CAIOS,, HAS 4KB OF 
ROM ANDO MANY NEW AND 
AOVANEED EXTRA FEATURES. 


SUPPORT CHIPS 

ALTHOUGH THE 68701 1S A COMPLETE 
FUNCTIOWAL UNIT Witt) RAM, EPROM, PARALLEL 
PORTS AND A SERIAL PORT, 1 CAN AbSO BE 
EXPANDED EXTERNALLY 89 THE USE OF ANY 
COMBINATION OF RAM AND EPROM OR BY THE 
43E OF PERIPHERAL CHIPS FROM THE 6800 
OR 6602 FAMILIES. 


PE Micro-file November 1983 


umulator and 


Add Double 


Shift Left, A 
Arithmetic 


l> > 

BERR | 
| [slelelefsielst [ Tel 
BESRESSSSeae 
ake 


b> > > 
Q|nla o 
alS| |olo/9 

oa i=) 


Shift Left Obt 
Shift Right, 
Arithmetic 


EY a CO 
Bit Test pita [85/2 [2795/3 [2] As] 4 [2/65] 4 | 
[ere [cs|/2[2fos]3 | 2[ es] 4 [2] Fs] 4 | 
[ Compare Acmitrs [CBA |__| Late tate 
Clear cur | | | [orl s [2] 7] 6 | 
cLRA | | he pel Fecal IC 
Cc a a a tala tate 
Compare cmpA| 81 (2 [2/91/39 [2/ail4 [2/81] 4 | 
fempa|ci[2 [2{oi[3 [2fei[a [2] Fifa | 
1's Complement com] ] Ty { T [é3yé [2] 73] 6] 
coma -4—++ + {+t 
COMB 
Decrement dec |] [6AT 6 [2] 7A] 6 | 
pecat TTT Tyr prey 
DECB bate teteatsteteete teat 
Exclusive OR EORA | 88 |2 [3 [2faal4 [2]eal a | 
|eors |ca]2 | 2/o8]3 [2[eela [2] Fal a | 
TNC _| ttt fet eer 
INCA seas Y | Ty Tf 
Ce ee 
[ tensAems_febastes{ztafostsfatestetoteet a 
[toa | ce] 2 | 2]b6] 3 [2fe6) 4 J2] Fe] 4 | 
[ weed Doubie ____fugo_fec {a fs forts fee te 
Logical Shift. tst Yt | Ty peste [2] 78/6] 
Left [LSLA | | Bane 
[isis || 
justo | | (eas 
Shift Right, lisR_ | | [6 | 
Logical [LsRaAT | = 
[usr | | 
jesRo | | 


Accumulator and 
Memory Operations 


we [on 
[Multiply dM CY 
2's Complemem [NEG | 
(Negate} [NEGA | | 
INEGB] | 
rer pea 
Inclusive OR | ORAA 6A | 
|ORAB [CA | 
ee 
|PSHB | | 
pment 
}PuLB || 
Rotate Left Rou | | 
[ROLA| | 
Ro. | 
Rotate Right [ROR || 
|RORA| | 
rors | | 
| Subtract Acmitr_ SBA || 
Subtract with [SBCA [82 | [82[ 4 | =e 
[cams for ate ts| 1 
|STAA | | [e7{4 | | ty 
[STAB | | LF7 | 4 | a 
isto | | [Fos | a 
La 3) Boeeee 
suse rola tat Tt Ty 
| Subtract Double | SuBD | 83] ese [3] yy 
Transfer Acmitr [TAB | | MR ALIESL 
RpseniatRNE | m mmRUESL 
Test, Zero or [tst_ | | ié6f3y yy 
Minus [tsta | | MSCHEsD 
Ts78 |__| SWE 


ACCUMULATOR AND 
MEMORY INSTRUCTION 


CPX 


TWX 


finerement Stack Prir [NS 
(0s 
ST5 


index Reg ~ Stack Ptr 
Stack Pntr — Index Reg 
Add ABX |_| 
Push Data PSHX 


Pull Data 


fac} 4] a} ects | 2[acl6[2[ac[6] 3| 
rt Tet Ty 


|_| | | 
| fos] 3] 
[34] 3| 


XH, (M+ 1) =X 
M SPH. (M+ 1} =SPL 


FAEIE 
ul 
= 
Pag 
4 
z 
le! 
Pea 
a 
= 
oo 


SPH —M. SPL -(M + 1) 


own 
~|3 
x|+ 
1 
t 
*1 x 


XL Msp, SP- 1 =SP 
XH -—Msp SP - 1 ~SP. 


Operations 
Clear Carry 
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CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 
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JUMP AND BRANCH INSTRUCTIONS 
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Msp Contents of memory location 


OP Operation Code (Hexadecimal) 


~ Number of MPU Cycles M Complement of M 


-~ Transfer Into 
O Bit = Zero 


pointed to by Stack Pointer 
00 Byte = Zero 


# Number of Program Bytes 
+ Arithmetic Plus 
Arithmetic Minus 
Boolean AND 

Arithmetic Multiply 
Boolean Inclusive OR 
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on-chip Serial Communications Interface (SCI) which resembles a 
UART or an ACIA. The SCI is a full duplex asynchronous system 


with 


independent transmit and receive sections implemented using 


six separate registers of which four are addressable as follows: 


Rate and Mode Control Register: an eight bit register but 
with only four bits used, two to select baud rate and two to 
program the data format and clock source. 

Transmit/Receive Control and Status Register: an eight 
bit flag register with all eight bits readable and four writable to 
control and monitor a variety of SCI functions. 

Receive Data Register: an eight bit register which holds the 
eight data bits received by the Receive Shift Register. 
Transmit Data Register: an eight bit register which is 
loaded in parallel by the processor prior to transfer to the 
Transmit Shift Register. 


Apart from the 6800 style CPU registers, all of the above port, 
timer and SCI registers are mapped into the internal RAM memory 


and 


appear between addresses OOH and 1FH with some spaces 


reserved for undisclosed internal uses and future expansion. 


® Boolean Exclusive OR 


CONDITION CODE SYMBOLS 
Halt-carry from bit 3 
Interrupt mask 

Negative (sign bit) 

Zero (byte) 

Overflow, 2's complement 
Carry /Borrow from MSB 
Reset Always 

Set Always 

Affected 

Not Affected 
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PPC (Programming Power Control): when this bit is set to 
O a 21 volt power source connected to the dual purpose 
RESET/VPP is gated through to the EPROM for programming 
purposes, (Further details on EPROM programming are given 
in the Interfacing section below.) 

RAME (RAM Enable): this bit can be controlled by the 
programmer but it is also controlled by the mode selection 
logic described earlier, When RAME = 0 the internal user 
RAM disappears from the memory map and all RAM access is 


_ external. 


STBY PWR (Standby Power): the 68701 has the useful 
feature of a separate Vcc/Standby power pin which can be 
used to maintain the information stored in thé internal RAM 
array when the main supply is off. This bit provides informa- 
tion on the health of this memory by recording any Standby 
Power “dropouts” which may have occurred while the main 
supply was off. When power is re-applied the program can 
decide whether to trust the internal RAM data by checking 
this bit. A nice feature! 


Also mapped into the register RAM areas (at 14H) is the unique 
Memory Control Register which has four single bit control flags as 


follows: 


PLC (Programming Latch Control): this bit and the next 
help to control the useful self programming feature of the 
EPROM. When PLC = 0 the address generated by a write in- 
struction referencing the EPROM area is latched and held so 
that the relatively slow programming operation can take place. 


1/4 


Finally, the flag bits in the Condition Code Register (CCR) can be 
dealt with swiftly because they are identical to those used by the 
6800 and 6802 with no additions or ommissions. 


INSTRUCTION SET 

The first thing to note about the 68701 instruction set is that it is 
totally upwards compatible with that of the 6800/6802 to the 
extent that even existing 6800 firmware in ROM could be used in 
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an extended system provided it was conveniently memory mapped. 
With this level of compatibility, and with ail the extra features of- 
fered by the 68701, this device must be a good choice to upgrade 
existing 6800 or 6802 designs. Remember, though, that the two 
chips are not pin compatible, and so a new board layout is re- 
quired! 

The 68701 features a number of enhancements to the basic 
6800 instruction set, however, and these have been skilfully 
applied to provide improved facilities and to remedy some of the 
shortcomings of the earlier design. There are (by my count) eleven 
new instructions, but in addition, some existing instructions have 
been speeded up and others have been given new features. For 
example, the old JSR (Jump to Subroutine) instruction can now 
use the page zero direct addressing mode. 

There are six new instructions available to utilise the new 16 bit 
capability of the 68701, including 16 bit unsigned memory addi- 
tion (ADD) and subtraction (SUBD), 16 bit load (LOD) and store 
(STD), and two 16 bit shift instructions LSLD and LSRD. All of 
these instructions use the two 8 bit accumulators A and B con- 
catenated to form the 16 bit D accumulator. 

Probably also spin-offs of the new 16 bit capability are the new 
8 x 8 multiply instruction (MUL) and the capability to push and pull 
the Index register to or from the stack (PSHX, PULX). The simple 
unsigned multiply instruction accepts two 8 bit operands in the A 
and B accumulators and produces a result which over-writes them 
in the D accumulator. The abillity to push and pull the Index 
Register rectifies a shortcoming of the 6800 set which only 
allowed the programmer to stack the A and B accumulators. 

The two remaining new instructions are ABX and BRN, the first 
of which allows the unsigned addition of accumulator B to the 
index register for cunning address calculations and the second 
complements the existing Branch Always (BRA) to provide Branch 
Never, which must seem useful! to somebody, although not, alas, to 
a poor hardware man like me! 

One other rather interesting change made by Motorola is the 
definition of extra mnemonics for some existing instructions which 
will no doubt make some operations seem more logical to a 
programmer writing source code for an assembler. For example, 
the original Branch if Carry Clear instruction (BCC) now has the 
alternative mnemonics BHS, Branch if Higher or Same, which 
comes to the same thing in arithmetic-type tests. Since mnemonics 
have no relevance to the chip itself, which deals only in opcodes, 
the 68701 hardware remains blissfully unaware of these changes 
which only have effect at the assembler software level. 

The fastidious Motorola designers have also modified the defini- 
tions of some 6800 addressing modes, once again in the interests 
of keeping things elegant and logical, without any operational dif- 
ferences. The original “Accumulator” and “Implied” modes have 
been dropped and combined to form the more sensible “Inherent” 
mode which includes all register-only operations which do not need 
memory references. 

Once again | take my hat off to Motorola for an elegant, easy to 
use, and of course powerful, instruction set! 


SOFTWARE 

Since the 68701 is upwards compatible, all existing 6800/6802 
software can be used, if available, and this will also apply to the 
few 6800 disc operating system implementations which are 
around. Motorola and others make available development software 
including assemblers and may introduce high level languages 
tailored specifically to the 68701, but apart from that you are on 
your own, since there is no freely available CP/M software. 


INTERFACING 

This subject is complicated by the number of operating modes 
and hardware features available, each having its own interface con- 
siderations, and there can be no substitute for a careful scrutiny of 
the excellent Motorola data sheet. 

An on-chip clock oscillator is available, and so in single chip 
mode, external circuitry can be minimised. All that is needed is a 
crystal with a couple of small capacitors, three resistors and three 
diodes (maximum) for mode programming, an RC network for 
power-on reset, and whatever buffer circuitry is required by the 
application for port interfaces. 
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In expanded systems with external memory and/or periph 
chips, it will be neccessary to add to this of course, but even in @ 
system using a full 64K of memory, the only extra CPU related: 
component required is a 74LS373 octal latch for add 
demultiplexing. 

To 6800/6802 fans, bus control will appear to be a problem 
because no R/W or VMA pins have been provided, but these 
features {or their equivalents) are provided by the multi-function ~ 
pins SC1 and SC2 which change their character depending on the 
selected CPU mode. In single chip mode SC1 acts as an input 
strobe for port 3 and SC2 as an output strobe, but in the expanded © 
multiplexed modes SC1 acts as an Address Latch Enable (like ALE 
on the 8085) and SC2 becomes a Read/Write line, 

Interrupts are easy, since in most modes the same exception 
vectors are used both on the 6800/6802 and the 68701 as 
follows: 


FFFE and FFFF—RESET 
FFFC and FFFD—NMI 
FFFA and FFFB—SWI 
FFF8 and FFF9—iRQ 


The only change is that there are now four additional vectors 
located between FFFO and FFF7 inclusive, three of which provide 
separate timer interrupts and the other a serial communications in- 
terface interrupt. A detailed description of the interrupt scheme 
used was given in the 6800/6802 file article. 

The use of external peripheral chips is provided for by the expan- 
ded non-multiplexed and the expanded multiplexed modes, 
although if only interface devices such as ACIAs or PIAs are re- 
quired, the non-multiplexed mode is quite adequate and saves port 
lines and a latch. The bus signals provided by the 68701 are 
suitable for any of the large family of 6800 and 6502 peripheral 
devices, and so there has been no need for Motorola to make any 
“special 68701 interface chips. 

Programming the EPROM area of a 68701 is easier in some 
ways than programming an 8748 because while the Intel device 
had a “dumb” EPROM and needed a conventional EPROM 
programmer system to do the job, the Motorola device has, in 
effect, a built-in programmer which requires only a 21 volt 
programming suppply and some software to do the job. Of course, 
things aren't that easy, because if the EPROM is erased, then the 
necessary control program obviously cannot be resident, but it does 
mean that a 68701 programmer can be built very simply on a small 
circuit board. 

When the 68701 is reset and loads the code for mode 0, a vec- 
tor is fetched from the external memory located at address BFFE, 
BFFF, and this causes the program counter to begin execution in 
any external memory location chosen by the programmer to house 
a simple EPROM programming routine (one is provided in the data 
sheet). Both the programming routine and the code to be blown 
into the EPROM must exist in external memory, and of course a 21 
volt supply must be connected to the RESET/VPP pin, after that 
everything is simple. 

The only difficult bit is how you get the desired EPROM code 
mapped into the external memory, but in the limit a routine could 
be written to program the EPROM a byte at a time from, say, eight 
toggle switches, which would be tedious in use but very easy to 
build! 


APPLICATIONS 

The 68701 is a much better chip than the 8748 and currently 
offers the ultimate for single chip designs which need EPROM 
memory. Unfortunately it is also considerably more expensive than 
the 8748, and so | stand by earlier recommendation of that simpler 
device for most hobby projects. | have no doubt however, that ex- 
isting 6800/6802 fans would rather raid the piggy bank, or perhaps 
wait a year or two, in order to get their hands on the thoroughbred 
68701! 

Possible appiications for this device are legion, and include not 
only traditional single chip jobs, but also use in multi-chip systems 
possibly as a replacement for the grey haired 6800. The combina- 
tion of a sophisticated timer, a serial interface, 29 1/O lines, and a 
souped-up 6800 processor all in one 40 pin package is bound to 
make this fairly new device a great success before long! 
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ICONDUCTO 
GUITS. onctsc sin: 


TOUCH SWITCH (MM 58312N) 


HE concept of replacing conventional elec- 
tromechanical switches with purely elec- 
tronic ‘touch’ switches is an attractive one in 
many applications. However, this type of 
switch can provide many pitfalls for the un- 
wary designer, The most usual areas of dif- 
ficulty are: 
(a) Susceptibility to radio frequency in- 
terference (RFI) or mains borne inter- 
ference, which can cause false operation 
of the switching circuitry and 
(b) Difficulty in adapting to different 
environmental conditions. Stray 
capacitance on the touch sensor input, 
long connecting leads between sensor 
and circuit, and varying levels of mains 
or RF electric fields in the vicinity of the 
sensor or circuitry can all cause incorrect 
operation of the switch. 

The MM 58312N is a CMOS ic. 
specifically designed as a touch activated 
switching device. It has a latching action, and 
is capable of switching loads via a suitable ex- 
ternal semiconductor power device. Normally, 
it is designed to operate as a mains switch, 
using an external triac to control the load, 
although it can be used as a d.c. switch if 
required. 


SPECIAL FEATURES 

The ic. has a number of features which 
make it ideal for this sort of application. An 
automatic gain control (AGC) circuit is 
provided on the touch control input, which 
automatically compensates for different 
lengths of lead between the touch wire (or 
plate) and the circuitry. A ‘valid touch’ is 
detected when three consecutive voltage 
pulses, measured with respect to the i.c.’s 
negative supply rail, are detected within a 
short fixed time interval. These pulses must be 
of a higher positive peak amplitude than the 
steady state ambient level. This AGC circuitry 
allows input leads of any length up to 20 
metres to be used, with as many touch plates 
as required mounted along this lead. A mains 
detector input is used to sense any sudden 
transients, or spikes, on the mains, and this 
prevents erroneous operation if these occur by 
inhibiting any change in switch state for their 
duration. The mains detector input has the 
same type of AGC control as the touch input 
to the device. Zero current sensing circuitry 
ensures that switching of the external triac 
only occurs at the point of zero load current, 
resulting in a minimisation of the generation of 
radio frequency interference. Finally, an inter- 
nal timer is provided to optionally turn the 
switch off after 123 seconds. 
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The pinout and specifications for the MM 
58312N are given in Fig. 1, and apply to the 
circuit configuration shown in Fig. 3. All 
parameters are referenced to the negative sup- 
ply to the i.c., which is connected to mains live 
in this case, so the utmost care should be 
taken if any measurements are to be made. 


Fig. 1. Pin-out and specifications 
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Quiescent current 
at —ve suppl 


Pin 2 


input voltage Pin 11 
for logic O Pin 12 
Pin 3 via 1M 


resistor 


Pin 2 


Pin 11 
Input voltage Pin 12 
for logic 1 Pin 3 via 1M 
resistor 


Input currents at 4V 
Pins 11 & 12, 


held at 4V 


at 4V 
Pins 6 & 8, sink 
current at 2V 


Output currents 


current at 6V 


Characteristic Notes 
All specs measured 
at +8V dic. YE 


Pins 2,4,10,11,12 


Pin 3, held at OV 


Pins 4 & 10, held 


Pin 2, sink current 


Pins 6 & 8, source 


Output 1 fh] 
Pulse width control (2) 
Zero detector input Dee 
Touch detector input [5] 


[14] + VE Supply 
i3JOutpuie? 

12) 60/60 Mz Input 

fit) Timer control 

fd] Mains detector input 
[3 ]Mains detector gain 


Touch detector gain [E] 
Touch detector time constant [6] 
-VE Supply GJ [8 |Mains detector time constant 


MM 58312N 


eam 
in| Toy | Mon [une 


50 200 


: ana J< << [ae le 


Output currents, 
pins 1& 13 
(triac drive) 


Outputs on 


at OV) 


OPERATION 


Fig. 2 shows the block diagram of the inter- 
nal circuitry of the i.c., which can be con- 
sidered in conjunction with the circuit diagram 
in Fig. 3. The touch input circuitry and mains 
input circuitry are identical, with only the ex- 
ternal components used differing to suit their 
different purposes. R2 and R3 determine the 
gains of the circuits, while the time constants 
of the AGC circuits are determined by C12 
and C13. Pin 3, the zero detector input, is 
used to detect when the current through the 


Outputs off (held 


load is zero, and hence synchronise the 
switching of the triac to this point for 
minimum generation of RFI (and minimum 
loading of the triac). The timing of the pulse to 
be fed to the triac is determined by the values 
of the resistor and capacitor connected to pin 
2: R4 and C5. The 50/60Hz input to the i.c, is 
used to provide strobe pulses to the logic con- 
trol unit, which determine the time periods 
during which the touch input and mains input 
circuits look for input pulses. The 50/60Hz in- 
put is also used to clock the internal counter if 


39 


Towen : 
DETECTOR | 1/F aS 


MALKS: 
DETECTOR 7 1/P 


the ‘two minute’ timer facility is to be used. 
(Because this delay period is frequency depen- 
dent, it will be only 103 seconds if 60Hz mains 
is used), The timer is enabled by connecting 
pin 11 to the positive supply while using out- 
put 2 (pin 13) of the i.c. to trigger the triac, 
and is disabled by connecting pin 11 to the 
negative supply, and using output 1 (pin 1) of 
the i.c. to trigger the triac. 


APPLICATIONS CIRCUIT 

The circuit of Fig. 3 is a typical application 
of the MM 58312N. The positive supply for 
the i.c. is derived from the neutral mains input, 
using C1, R1, and the Zener diode D1 to drop 
the full 250V a.c. down to 8-2V peak. This 
half wave rectified signal then charges up C3 
via D2, providing a d.c. supply of 7-5V ap- 
proximately. The mains detector input is fed 
via RS and R6, with C6 decoupling, and C7 
attenuating, the signal. (Some filtration is 
provided by these components, too). For the 
50/60Hz input, R7, R8, and C8 provide at- 
tenuation and filtering, and for the touch input 
a similar configuration is used, with the addi- 
tion of R11 to prevent charge build-up. In all 
these cases, pairs of resistors have been used 
in series, to provide protection in case one 
resistor was to become short circuited. D3 and 
D4 are high voltage rated 3A diodes which 
provide a well-defined voltage drop to allow 
the zero detection circuitry to work effectively, 
when fed via R12. Finally, R14 and C14 form 
a ‘snubber’ network which helps to protect 
CSR1 from transients, and C2 acts similarly 
for the whole circuitry. 


CONSTRUCTION NOTES 

This section is very important. Mains cir- 
cuitry of this type is potentially lethal. 
All the circuitry ‘floats’ at the mains live 
voltage, so touching any part of it (other than 
the input to R9) would give you a serious 
electric shock. The touch input is only safe 
because of the extremely high value resistors 
R9 and R10, These should be high quality 
(metal oxide if possible, or a good make of 
carbon film) half-watt types. They should be 
spaced well apart from the rest of the cir- 
cuitry, and all the Veroboard trackwork 
around them should be removed; see Fig. 5. 
Under no circumstances should any other 
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Fig. 2. Block diagram of MM 58312N 


connections or wires be allowed to approach 
these two resistors or the touch input itself. 
Generally, be very careful to use the correct 
component values. (3M3 is coded orange- 
orange-green, then gold, silver or red). Wire up 
the board carefully, and ensure that all the 
holes shown cut away in the trackwork in Fig. 
5 are cut properly. Use a 2A or 3A fast blow 
fuse, and mount the board in a fully earthed 
metal box, or in a plastic box with plastic fix- 
ings. C6, C7, C8, C9, C10 and C11 should be 
100V rated ceramic types (either 100V 
monolithic or LOOV plate), C1, C2 and C14 
should be 250V a.c. types, specifically 
described as suitable for connection across the 
mains. The triac must be a high voltage type, 
but must only draw very low gate currents; 
the specified types BT139 or 2N6073 meet 
this requirement. 
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(ine) Fig. 3. Circuit diagram of mains touch switch 


For the touch plate, any piece of metal can 
be used, a piece of p.c.b. material, or any con- 
ductor. Maplin Electronic Supplies sell very 
smart ‘touch pads’ with built in fixing screw 
threads. The unit can be tested, very carefully, 
using a domestic light bulb as the load. If it 
‘flickers’ when turned on, then adjusting R4 
(try the range 33k to 680k) or R13 (from 150 
ohms to 330 ohms) will often help. (Adjusting 
R4 may affect the amount of RFI generated, 
too). The touch switch sensitivity can be ad- 
justed by altering the value of R2. 

Bear in mind that the circuit adapts to the 
incoming signal on the touch input; if you hold 
your finger on it for several seconds it will ad- 
just itself to recognise this as a normal am- 
bient level; releasing it and touching it again 
quickly will have no effect! The AGC loop will 
first have to re-adjust to the original 
background level; the speed at which it does 
this can be adjusted by altering the value of 
tantalum capacitor C12. The circuit is 
designed to switch up to 3A (720 watts); if 
higher currents than this are required, then D3 
and D4 must be changed to higher current 
types (ensure that the diodes chosen are 600 
p.i.v. types, or higher if possible). Also check 
that triac CSR1 is capable of taking the extra 
current required. At this point it becomes a 
dubious idea to use Veroboard, due to the 
large currents that will be flowing along the 
tracks, so a p.c.b, should be made up in 
preference. 

Finally, for something a little different, try 
the circuit of Fig. 4. It’s much safer, being 
powered from a conventional 9V supply. The 
latching is not very effective any more, but a 
useful effect can be obtained by connecting 
pin 11 to +9V (ie. ‘timer on’), Because the 
CMOS oscillator fed to pin 12 of the MM 
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58312N is running at a very high frequency 
(many kHz) the timer’s duration is now very 
short, around one second. If pin 13 is used as 
the output, the result is a one second pulse 
produced when the touch input is touched. If 
pin | is used as the output, then one short 
pulse is generated when the totich plate is 
touched, and a second one is generated when 
the plate is released. The sensitivity is very 
high; it can be varied by altering the value 
of Rg. 

The MM 58312N is a very versatile and in- 
teresting solid state touch switch ic. which 
shows great tolerance of those problems which 
can affect the operation of many other elec- 
tronic switches. Great care must be taken with 
the design and construction of the circuitry, 
however; mains should always be treated with 
caution and respect. 

Suitable triacs are available from Ambit, 
Maplin or Cricklewood Electronics. The MM 
58312N is available from Ace Mailtronix Ltd., 
3a Commercial St., Batley, West Yorks WF17 
5HJ, price £5 including VAT, postage and 
packing. 


WANTED several Goodmans 12 inch 
loudspeakers chassis types 201/301. Disposal 
few very old valves free. E. Bardwell-Jones, 15 
Deer Park, Saltash, Cornwail. Tel: Saltash 2144, 
MURPHY CB base station. Model CBH 1500 
brand new unused, unwanted prize £50. Phone 
West Drayton (0895) 447888. 

COMMODORE PR100 program. calculator 
PIS. Book, £9.00 Casio for FX31_ scientific 
£7.00. Holdway No. 20 Studland Close, 
Millbrook, Southampton, Hants. 

WANTED copy of Mullard book Circuits for 
Audio Amplifiers reasonable price paid. Phone af- 
ter 6p.m. Mr. T. Bateman, 22 Nelson Rd, 
Rayleigh, Essex SS6 8HB. Phone Rayleigh 
(0268) 775113. 

FREE diodes coded, and resistor colour code 
charts. Yours for the asking + s.a.e. Dave, 29 St. 
John's Close, Leatherhead, Surrey. 

COMPUTER Sharp MZ-80K (48k) excellent 
condition with £100 worth software including 
Forth, games, documentation £295 o.n.o. Neil 
Chilton, 175 Warwick Ave, Littleover, Derby, Tel: 
(0332) 760773. 

| HAVE a list of PWs, PEs. Televisions, EEs, 
The Radio Constructor. Please send s.a.e. for list. 
R. H. K, Grayson, 34 Victoria Road, Haywards 
Heath, West Sussex RH16 3LY. 
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PHILIPS TX portable t.v., N1500 v.c.r. chassis, 
both almost complete no sensibe offer refused. 
Mr. A. Bouskill, 129 Lyminster Road, Sheffield, 
S. Yorks S6 1HY. Tel: 0742 311191 after 
4.30p.m. 

TELETYPE, RS232 interface, tape reader and 
punch, stand, box of paper, 3 spare ribbons £100 
0.n,o, Martin Ward, 9 St. Andrews Ave, Crewe, 
Cheshire CW2 6JJ. Tel: 0270 256165. 
WANTED to purchase or borrow service sheet 
or circuit diagram for Trophy CR100 cass. recor- 
der, E. G. Everett, 4 Deben Drive, Sudbury, Suf- 
folk CO10 60H. 

PHILIPS N1500 v.c.r. for spares with video 
head plus all electronics cheap to clear. Mr. A. 
Bouskill, 129 Lyminster Rd, Sheffield S6 1HY. 
Tel: 0742 311191 after 4.30p.m. 
ELECTRONIC dwell angle (points) adjuster for 
spot on ignition, new with instructions and con- 
nections £3.95. D. J. Head, 113 Raleigh Cres- 
cent, Stevenage. Tel: 0438 62179. 

JAYKIT FG-1a sine-square-triangle-TTL func- 
tion generator. 1Hz to 100kHz. O-10V £25. Call 
Chang 041 332 7695 after Sp.m. K. Y. Chang, 
70, 1-up Ashley St., Glasgow G3 BHW. 

8 INCH UK101 disc drive with p.s.u., controller, 
operating software and discs. Plugs straight in J1 
£220. Mr. D. Fellows, 26 Westbourne Ave., 
Emsworth, Hants PO10 7QU. Tel: Emsworth 
5548. 

FOR SALE National PE-145 electronic flash £8 
+ 50p p&p write to: Paul Januarius, 28 Blagrove 
Lane, Wokingham, Berkshire. 


WANTED 4 or 5 octave keyboard with or 
without 1 pole 2 way contacts (Type ‘’GJ"’). Mr. 
M. D. Rudnicki, 32 King’s Drive, Pagham, Bognor 
Regis, W. Sussex PO21 4PZ. 

WANTED 2X81 (working at least). Synthesiser 
—— two v.c.0., e.d.p. Wasp (factory made) £150 
o.n.o. P. S. Wady, 85 Mentore Ave., Liverpoo! 18 
L18 3HP. Tel: 051 722 3361. 

CHIPS 8202A — £10. 8253/8275 — £3. 
Z80AS/10/0 — £7. 2716 (5V) — £1.50. 4116 
16 — £7. J. Walker, 7 Warwick Place, Peterlee, 
Co. Durham. Tel: 868255 after 7p.m. 

SEEKING a friend (17-21) having interests in 
electronics, computer etc. Please write to: Noel 
Ciantar, 16/4 St. Sebastian Str., Rabat, Malta. 
PHILIPS G7000 video game with 4600D 
cassettes £75. For further details please 
telephone Adam Paylor (0924) 472532 Batley, 
Yorkshire. 

DISK drives pair 5} inch double sided, double 


; density cased with p.s.u. and data suit BBC offer, 


D. W. Jowett, 197 Victoria Road East, Thornton, 
Blackpool! FY5 3ST. Tel: (0253) 869108. 
EX-COMPUTER boards 7 off 150HC's 7400, 
CMOS. 50 + i.c. sockets etc. Many other bits 
phone 0742 339147 after 6p.m. J. Pape, 12 
Luke Lane, Sheffield S6 4BP. 

ACORN Atom 12k + 12k V.ILA., F.P. £140 
o.n.o. ASC11 keyboard as new £20. Elekter- 
minal £20. G. Watson, 19 Kelvin Rd., Clydach, 
Swansea, West Glam SA6 5JP, Tel: 0792 
843948. 
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ATE circuits are often used in: 


analogue electronics to pass or 
stop signals, depending on the 
presence or absence of a command (or 
‘gate’) signal, An analogue gate has an 
effect which is similar to that of a set of 
traffic lights; whenever there is a red 
light, the traffic stops, while on green 
the traffic is able to flow freely. We 
can, therefore, think of the flow of traf- 
fic as a type of analogue signal, and 
which may be gated (and therefore 
controlled) by the presence or absence 
of the green command signal. There is 
a similar concept of gates to be found 
in digital electronics. Indeed, the use of 
gates (which are often referred to as 
‘logic gates’) is fundamental to the 
design of digital circuits, and we shall 
return frequently to this point 
throughout this series. 

The inputs to a digital gate are 
always assumed to be in the form of 
digital signals. As we saw last month, 
therefore, these inputs will always 
represent either a O or a 1. Similarly, 
the output of the gate will always be a 
O or a 1. The output from a gate will in 
turn be completely determined by two 
factors: the type of gate involved, and 
by the combination of inputs present. 
In a digital gate, in contrast to an 
analogue gate, both command signals 
and information signals are purely 
digital; the exact significance of each 
signal is decided by the circuit 
designer. 

We can now see that there are two 
quite distinct aspects of digital gates 
which have to be considered when 
designing digital circuits. Firstly, we 
must know what it is that each signal is 
being used to represent, i.e. what does 
it mean when a particular line is a O or 
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a 1, Secondly, we need to know how a 
particular gate will combine its inputs 
to produce the output signal, e.g. what 
happens when all of the inputs are a 1? 
Only then is it possible to predict the 
output produced by a logic gate, and to 
interpret its significance. 

In order to illustrate some of these 
seemingly abstract ideas, it is really 
necessary to consider a practical exam- 
ple. Fig, 2.1 shows the use of a single 
gate (shown in symbolic form) in an 


Fig. 2.1. Central heating boiler 
control logic 


application where its output is being 
used to switch a central heating boiler 
off/on. The four inputs to the gate are 
as follows: 

A= 1 when the temperature is 
below 18°C 
when the time is between 
8 a.m. and 6 p.m. 

C=1 when the pilot light is lit 

D=1 when the gas supply is on 

Let us assume that the logic gate in 
the circuit is of a type which has an 
output of 1 only when all of its inputs 
are 1. Then, if we are using a boiler 
which turns on when a 1 is applied, 
and off for a O, we have the basis of a 
circuit which could be used to keep the 
temperature in (say) a shop above 
18°C during opening hours. As we 
mentioned earlier, however, this circuit 
depends very much on the meaning of 
the signals coming into the gate, the 
way in which they are combined, and 
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the significance attached to the gate’s 
output. What, for example, would we 
expect to happen if the same circuit 
was used, say, with a boiler turned on 
with a 0, instead of a 1? 


SWITCH LOGIC 

Before we move on to consider 
some real digital logic gates, let us first 
look at some other ways of represent- 
ing the actions of logic gates which can 
be useful! in illustrating how digital 
gates work. By now we expect that 
most logic gates that we meet will be 
semiconductor circuits, but it is worth 
noting that many of the gate functions 
can just as easily be built using 
switches or relays. In these situations, 
the significant point to note is that 
these switches are simple two-state 
components which are either off or on. 
In such cases it is usual to consider ‘off’ 
as O, and ‘on’ as 1. 

lf we look again at the circuit 
arrangement in Fig. 2.1, we can quickly 
see that we could probably replace A, 
B, C and D by switches, e.g. A could be 
a thermostat (temperature-sensitive 
switch), B could be a time switch, etc. 
In this case the circuit shown in Fig. 
2.2 would seem to work in exactly the 
same way as the one described in Fig. 
2.1 using the logic gate. The informa- 
tion (the 1 signal) will still not get 
through unless all four switches (A to 
D) are on, and only then will the boiler 
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Fig. 2.2. Switch logic for boiler 
control 
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be switched on by the 1 signal. 

In practice, switch logic is often still 
used in situations where mechanical 
sensors (usually in the form of 
switches) are already being used to 
provide information. Other reasons for 
the use of switch logic include applica- 
tions where the amount of power to be 
controlled is more than can convenien- 
tly be handled by standard logic cir- 
cuits. In other cases it is still simpler 
and cheaper to use switch logic rather 
than digital logic circuits. In many 
cases switch logic is used as an addi- 
tion to digital logic in order to provide a 
‘fail-safe’ back-up. In all cases, 
however, the logic principles remain 
the same. The reason for introducing 
the analogy is that, at first sight, the 
operation of switch logic circuits can 
be easier to understand than the 
equivalent digital gates, but very 
quickly this situation tends to reverse! 


LOGICAL COMBINATIONS 

So far, we have looked at the idea of 
combining digital signals, using logic 
gates, to produce ‘new’ signals. The 
next step is to look at the different 
types of gate that we can use for this 
purpose. Our overall aim is to see if we 
can predict the output from a digital 
circuit by looking at its inputs, and the 
way in which the various gates are in- 
terconnected. 

In the first part of the series we 
looked at the simplest of all logic ele- 
ments: buffers and inverters. Although 
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Fig. 2.3. MIL and BS logic sym- 
bols 
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these ‘gates’ have only one input and 
one output, and as such do not allow 
signals to be combined, they are still 
nevertheless referred to as gates. The 
majority of logic gates, however, deal 
with two or more input signals, and we 
will start by considering two of the 
most important types of gate, the AND 
gate and the OR gate. From a clear un- 
derstanding of the operation of these 
two gates, and of the inverter, it is ac- 
tually possible to explain the operation 
of even the most sophisticated logic 
element. Something as complex as a 
microprocessor, however, may well re- 
quire many thousands of such gates in 
the explanation, but the basic idea still 
remains true. 

In the explanations of the AND and 
OR gate which follow, we will initially 
consider only gates which have two in- 
puts. In practice, however, TTL gates 
are available which have up to thirteen 
inputs. The basic principles of these 
multi-input gates follow logically from 
the operation of the basic two-input 
gates, and so for the moment we will 
confine our discussions to the basic 
gate of each type. Future parts of the 
series will deal with examples of gates 
with many inputs. 

Before we look in detail at the 
operation of AND and OR gates, 
however, it is appropriate at this point 
to first look at the various ways of 


representing logic gates in circuit 
diagrams. 
LOGIC SYMBOLS 


When drawing logic gates, there are 
a number of different sets of logic sym- 
bols in common use. The two most fre- 
quently encountered sets of symbols 
are the British Standard (BS) symbols, 
and the Internationa! (MIL) symbols. 
The BS symbols are commonly used in 
the UK, particularly in examinations; 
they are not, however, used by the i.c. 
manufacturers or the majority of inter- 
national users of digital i.c.s. For this 
reason, it is necessary to be able to 
recognise both sets of symbols. 

The BS symbols all consist of the 
same rectangular shape, and the dif- 
ferences between them are indicated 
by the symbols shown inside the 
boxes. The MIL symbols use different 
shapes for the different gate types, and 
the function of the gate can therefore 
be identified more readily. In this series 
we have introduced both sets of sym- 
bols for each type of gate, but hereafter 
only the MIL symbols will be used. 

The MIL symbols, and corresponding 
BS symbols, for buffers, inverters, and 
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the common two-input gates are 
shown in Fig. 2.3. For convenience, we 
have labelled the inputs and outputs, 
but it is important to appreciate that 
there is actually no practical difference 
between the two inputs on the same 
gate. In real circuits, it is usual for the 
signals coming in to a gate to have 
names associated with them (e.g. Tem- 
perature High), rather than simple let- 
ters. When drawing logic circuits, it is 
also usual to show gates with their in- 
puts on the left hand side, and the out- 
puts on the right, with the overall 
signal flow from left to right. 

Now that we have looked at the 
reasons for the use of logic gates, and 
the ways in which they are shown in 
circuits, we are in a position to discuss 
particular types of gate. We will begin 
with the AND gate, which is one of the 
fundamental decision-making gates. 


THE AND GATE 

One simple way of describing the 
action of an AND gate is to say that its 
output is O unless all of its inputs are 1. 
This description, however, gives no 
clue as to why we might want to use 
such a gate in the first place. In order 
to appreciate this, it is really necessary 
to consider a practical example. Fig. 
2.4 shows a circuit which could be part 
of the electronically controlled shop we 
discussed earlier. The circuit uses the 
MIL symbol for an AND gate which 
was introduced in Fig. 2.3, 


SHOP 


OPEN 
LIGHT ON 
DIM (ema) 


Fig. 2.4. Shop lighting controller 


The operation of this circuit .is as 
follows. When the light sensor circuit 
detects that there is not enough light in 
the shop, the signal called Dim 
changes from a 0 level to a 1 level. The 
time switch output, Shop Open, is a 1 
every day between 8 a.m. and 6 p.m., 
and a O at all other times. These. two 
signals are applied to the inputs of the 
AND gate, and the output of the gate is 
used to turn the light on. The gate out- 
put, here called Light On, is thus equal 
to a combination of the Dim and the 
Shop Open signals. From the descrip- 
tion above, we can see that the Light 
On output is a 1 only when both Dim 
and Shop Open are 1. If either of the 
inputs are a O, then the output will 
remain at a O level, e.g. it is likely that 
Dim will be a 1 at midnight, but the 
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Shop Open signal will be 0, and will 
thus prevent the lights being switched 
on when the shop is closed, 

The switch logic equivalent of the 
AND gate used in the circuit just 
described is shown for comparison in 
Fig. 2.5, From this, it can be seen that 
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Fig. 2.5. Switch logic shop 
lighting control circuit 


an AND gate is modelled in switch 
logic by connecting the switches in 
series. The lamp is then only il- 
luminated when all of the switches are 
closed (equivalent to the 1 state), and 
in this way the digital logic and switch 
logic circuits behave in the same way. 

In this example we have seen the 
way in which signals are combined so 
that all of a set of conditions must be 
satisfied before the output goes to a 1. 
What we must now do is to look at 
some practical AND gates, and see 
how they can be applied to solving real 
problems. 


7408 TTL AND GATE 

The 7408 is a quadruple 2-input TTL 
AND gate, the pin connections for the 
ic. are shown in Fig. 2.6. All four AND 


Fig. 2.6. The 7408 quad 2-input 
AND gate 


gates in this package may be used in- 
dependently, and the gates are usually 
labelled (a) to (d) for convenience of 
reference. On any one gate, when 
either input is 0, the output will also be 
a 0; both inputs must be 1 for the out- 
put to be a 1. The two gate inputs are 
electrically identical, and either may be 
used; the actual gates and inputs used 
are often decided mainly by the com- 
bination which gives the neatest circuit 
layout. 

The PE Logic Tutor may be used to 
demonstrate the behaviour of the 
7408 by using the circuit shown in Fig. 
2,7, This drawing shows how to con- 


Fig. 2.7. The shop light control 
circuit 


nect up the circuit of Fig. 2.4, and uses 
the Logic Tutor's logic level generators 
to provide the Dim and Shop Open 
signals. A logic state indicator, D1, is 
used to indicate the state of the Light 
On signal. Assuming that the i.c. is 
placed in socket A, with pin 1 in loca- 
tion Ai and pin 14 in location A16, the 
links required to set up the circuit are 
as follows: 


$3. to Ail (Shop Open signal) 
$4 to A2_ (Dim signal) 

A3 te D1 (Light On output) 
+5V to A16 (Supply) 

A7 to OV (Supply) 


Any of the four AND gates in the 
package could have been used, but we 
have chosen the (a) gate for con- 
venience. Readers may, however, like 
to verify that interchanging the inputs 
to the gate selected does not affect the 
operation of the circuit. 

The next step is to continue the idea 
of combining logic signals in a gate to 
produce new logic signals. We will now 
look at an example of a circuit which 
uses two gates to combine signals. The 
circuit shown in Fig. 2.8 is based on 


Fig. 2.8. Occasional store room 
light circuit 


that of Fig. 2.7. To set up the circuit on 
the Logic Tutor, the following links 
must be ADDED to those already set 
up above: 


A3 to A4 (Light On signal) 
$1 to A5 (Lights Please signal) 
A6 to D2 = (Lights output} 


The idea is to prevent wasting 
energy by only allowing the lights to be 
turned on when it is dark (i.e. Dim is a 
1}, when the shop is open (i.e. Shop 
Open is a 1), and when someone has 
asked for them to be turned on (i.e. 
Lights Please is a 1). D2 now shows 
the new signal being produced. This 
would be a useful circuit, for example, 
for conserving energy in store rooms 
where lighting is only required oc- 
casionally, when dark, and never when 
the shop is closed. What the circuit 
does is to gate the previous Light On 
signal with the new Lights Please re- 
quest signal (from a wall switch, 
probably) to produce the new Lights 
signal. In effect our new circuit is a 
three-input AND gate; all three inputs 
must be a 1 to cause the output to 
bea 1. 

As a final problem concerning the 
behaviour of TTL AND gates, consider 
the effect of the circuit shown in Fig. 
2.9. Does this have an equivalent in 
any previously encountered logic 
element? . 


INPUT of }—-—— OUTPUT 


Fig. 2.9. Does this equal 
something else? 


THE OR GATE 

In the same way as we saw for the 
AND gate, there is a simple description 
of the action of an OR gate; its output 
is a 1 if any of its inputs is a 1. Re- 
stating this in a slightly different way, 
all of the inputs to an OR gate must be 
a O in order for its output also to be a O. 

Fig. 2.10 shows an example of an 
OR gate being used in a security alarm. 


WINDOW 
SENSORS 
INTRUDER 
ALARM 
DOOR Pi] 
SENSORS 


Fig. 2.10. Security alarm circuit 


The basic idea is that if any of the 
door/window sensors are activated, 
then the alarm bell is switched on. The 
operation of the system assumes that 
the output from the sensors is a 1 
when an intruder is detected, e.g. when 
a window is opened. 

The switch logic equivalent of the 
OR gate used in this security alarm is 
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ALARM 


DOOR SENSORS 


Fig. 2.11. Switch logic security 
alarm circuit 


shown in Fig. 2.11. From this figure it 
can be seen that an OR gate is 
modelled in switch logic by connecting 
the switches in parallel. The alarm then 
sounds when any (or ail) of the 
switches are closed. 

At this point it is interesting to com- 
pare the switch logic models of the 
AND and OR gates. In an AND gate, all 
of the input conditions must be 
satisfied (i.e, at a 1 level} before the 
output goes to a 1, whereas in an OR 
gate the output goes to a 1 if any of the 
inputs are a 1. We will now look at the 
use of some of the OR gates available 
in the 7400 TTL family. 


7432 TTL OR GATE 

The 7432 is a quadruple 2-input TTL 
OR gate, whose internal layout and pin 
connections are shown in Fig. 2.12. Ail 
four gates are electrically identical, and 
each may be used independently. As 
we saw with the 7408 earlier, the in- 
puts on each gate are interchangeable. 


Fig. 2.12. The 7432 quad 2-input 
OR gate 


The choice of input/gate is left to the 
circuit designer, and it is often a matter 
of choosing gates in such a way as to 
produce the neatest circuit layout. 
Comparing the internal arrangement 
with that of the 7408 will show signifi- 
cant similarities, and it is worth noting 
that this is quite a common arrange- 
ment for 2-input gates in the 7400 TTL 
family, but beware of non-conformist 
ics! 

The circuit shown in Fig. 2.13 is an 
example of the use of the 7432 in an 
extended security system. In this circuit 
there are four sensors, which are com- 
bined by two stages of gating to 
produce the signa! which sets off the 
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WINDOW 


Fig. 2.13. Extended security 
system 


alarm. The circuit is set up on the Logic 
Tutor by inserting an i.c. in socket A, 
with pin 1 in location A1, and then 
adding the following links: 


$1 to At (Window 1 Alarm i/p) 
S2 to A2 (Window 2 Alarm i/p) 
S3. to A4_ (Door 1 Alarm i/p) 
S4 to AS = (Door 2 Alarm i/p} 
A3 to D2 (Window Alarm o/p) 
A3 to A11 (Window Alarm signal) 
A6 to D3 (Door Alarm o/p) 

A6 to A12 (Door Alarm signal) 
A10 to D1 (Intruder Alarm o/p) 
+5V to A16 (Supply) 

A7 to OV (Supply) 


If any of the sensors indicate an in- 
truder, the alarm is set off. The overall 
effect of the circuit, as might be 
guessed, is the same as using a single 
4-input OR gate. 

As a final problem for the budding 
designer, how could the gates dis- 
cussed so far be used to provide a sim- 
ple way of disabling this security 
system? (A single extra input is re- 
quired, and ideally the minimum extra 
gating is involved.) 


TRUTH TABLES 

So far in our discussions on the 
operation of logic, we have relied on 
the use of words to describe the ac- 
tions of the logic gates 
Although this is a useful approach, and 
it is definitely an essential introduction, 
it soon becomes clear that misun- 
derstandings are possible, and that the 
description of complex circuits can 
become extremely lengthy. The danger 
then is that we lose sight of what the 
circuit is actually going to do with its 
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inputs. After all, one of the objects of; 
this introduction to logic design is to 
allow us to predict the behaviour of a 
circuit from a knowledge of its inputs, 
What we need, therefore, is a simple 
way of expressing on paper how a logic 
element behaves. Once we can express 
this, we can build up a description of 
how the overall circuit will behave by 
looking at the way in which the logic 
elements are interconnected. One of 
the simplest ways of expressing logic 
operations on paper uses what is 
known as a Truth Table. 

A Truth Table provides a concise 
method of allowing us to show how a 
logic element or circuit will behave for 
any possible combination of input 
signals. The method of constructing a 
truth table is essentially to list all of the 
inputs and outputs for a logic element 
or circuit, and then to answer (in a 
tabular form) the question, “What will 
be the output(s) for this combination of 
inputs?”. The idea is then to run 
through all of the possible combina- 
tions of input so that we can build up a 
complete picture of the circuit 
behaviour. 

So much for the theory, but how do 
we go about constructing such a truth 
table in practice? We will answer this 
question by first looking at truth tables . 
for the gates covered so far in the 
series, From then on, as new logic ele- 
ments are introduced, they will be ac- 
companied by their truth tables. 

Table 2.1 shows the truth table for a 
2-input AND gate. If we look at the 
table we will see that it indicates that 
the gate output is a O unless inputs A 
and B are both at a 1, i.e. the output is 
1 if A AND B are 1, hence the name of 
the gate. Jn the two columns on the left 


Table 2.1. Truth table for a 2- 
input AND gate 


of the table, all possible combinations 
of input are listed. These may be listed 
in any order, but it is normal practice 
for the inputs to be in a binary counting 
sequence; here it will be seen that the 
number pair A, B counts from 0 to 3 in 
binary. The main reason for doing this 
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is to ensure that no combination of in- 
puts are omitted. In particular cases, a 
different ordering can be used for the 
combinations of inputs, but the truth 
table is still incomplete unless all of the 


input combinations are listed 
somewhere on the left of the table. 
Tables 2.2 and 2.3 show the shor- 
test possible truth tables; Table 2.2 is 
for the buffer, and Table 2.3 is for the 
inverting buffer. To complete the pic- 
ture so far, the truth table for the two- 
input OR gate is shown in Table 2.4. 
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Table 2.3. Truth table for an in- 
verting buffer 


Table 2.4. Truth table for a 2- 
input OR gate 


In general, for a gate or circuit with n 
inputs, there will be 2" lines in the 
complete truth table. Thus two-input 
gates have four lines in the table, 
three-input gates have eight, four-input 
gates have sixteen, etc. Now that we 
have covered the gates used to date, 
we are in a position to consider what 
the truth table for the circuit shown in 
Fig. 2.13 looks like. As a start, we can 
say that it will have sixteen lines, and 
that the inputs will take values from 
0000to1 1 1 1, but what does the 
complete table look like? 


FAN-OUT 

As we have already mentioned, 
there are a number of practical dif- 
ferences between ideal logic gates and 
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real TTL gates. One of these dif- 
ferences concerns the extent to which 
gates may be connected together in a 
digital circuit, and relates to gate ‘fan- 
out. 

In the first part of the series, we 
described one of the basic rules for 
connecting up gates. This rule said that 
a single output may be connected to a 
number of different inputs. In reality 
this rule must be modified to reflect 
that there is a practical limit to the 
number of different inputs which may 
be connected to a single output. This 
number is known as the ‘fan-out’ of the 
gate. The fan-out for most of the gates 
in the 7400 TTL family is at least ten, 
and is more in many cases. This means 
that we can connect up to ten TTL 
gates to a single output, and that 
reliable operation will still be achieved. 

The reasons for the fan-out of a gate 
being limited at all are related to the 
way in which the gate circuits them- 
selves operate. In part one we looked 
briefly at the internal circuitry of the 
basic TTL gate. While we do not need 
to understand the detailed operation of 
this gate, it is necessary to appreciate 
that it requires input current in order to 
function. This current in turn represents 
a load on the gate which is driving the 
input and, as in any circuit, the drive 
current available has a finite limit. 
What we must do, therefore, is to look 
at the current which is required by each 
load, and then compare it with the 
drive capability of the output. This then 
allows us to determine the fan-out of 
the gate. 

In order to hold the input of a TTL 
gate at a O level, it is necessary to pass 
a current of 1-6mA to ground. Thus, 
the gate driving the load must be able 
to sink 1-6mA (i.e. current flows into 


Fig. 2.14a. Current flow in the 
logic 0 state 
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the driving gate) for each gate connec- 
ted to its output. The output stage of a 
standard TTL gate is able to sink at 
least 16mA in the O state, as shown in 
Fig. 2.14 (a), and thus it has a fan-out 
of ten in the O state. 

In order to hold a TTL input at a 1 
level, it is necessary to supply that in- 
put with a current of 40uA. A standard 
TTL gate is able to supply up to 400A 
in the 1 state, as shown in Fig. 2.14 
{b), and thus it has a fan-out of ten in 
this state. 


400 pA Cmax.) 


Fig. 2.14b. Current flow in the 
logic 1 state 


In 7400 TTL, therefore, all gates 
have a fan-out of at least ten, and often 
more. The majority of the gates con- 
nected to an output will be loads of ex- 
actly the type described above, known 
as unity loads {i.e. loads of one). 
However, in some exceptional cases 
(usually concerning complex gates) an 
input may present a load of two. In alll 
cases, however, the rule to remember 
is that the total number of loads must 
not exceed the fan-out of the driving 
gate. In cases of doubt, the data books 
should be consulted to ascertain the 
foad and fan-out figures. In this series it 
can be assumed that ail logic inputs 
represent a load of one (or less) unless 
specifically stated otherwise. 

The fan-out figures quoted in the 
data books always assume that ‘stan- 
dard’ loads are being used. The 
designers of gate circuits have, over 
the years, evolved circuits which re- 
quire lower input current levels, so as 
to make it possible to operate with 
larger amounts of fan-out. As a general 
rule, therefore, we can say that a TTL 
gate can be connected to up to ten 
other TTL gates, and still operate 
correctly. This rule will usually ensure 
that the actual gate loading is less than 
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the limit allowed, and is therefore a 
useful rule-of-thumb for the designer. 


TTL SUB-FAMILIES 

Our discussions in this series so far 
have concentrated on the standard TTL 
family, in which i.c.s are typically 
labelled in the style of ‘7400’. There 
are, however, a number of other TTL 
‘sub-families’ which have been’ 
developed over the years to offer the 
designer a range of alternative trade- 
offs of power consumption against 
maximum operating frequency. 

The various sub-families are 
recognised by letter(s) placed between 
the ‘74° and the type number, which 
remains constant for all of the TTL sub- 
families. In this way, 74xx0O is always 
a quad 2-input NAND gate, with ‘xx’ 
identifying the TTL sub-family. The 
different TTL sub-families are sum- 
marised in Table 2.5; further details are 
given in the data sheets which accom- 
pany the series. For the rest of the 
series we shall continue to confine our 
attention to the standard TTL range. 


Standard 


High-Power 
Low-Power 
Schottky 


Advanced Low- 
Power Schottky 


Table 2.5. TTL Sub-Families 


DEFAULT INPUTS 

There is often some considerable un- 
certainty regarding what happens 
when we leave an unused input of a 
TTL gate unconnected (‘floating’). The 
answer is actually quite definite, 
although it is perhaps not one which 
might be expected, hence the confu- 
sion. An unconnected TTL gate input 
will always behave as if it is connected 
to a logic 1 leve!. This is quite a sur- 
prise to many logic designers at first, 
since the opposite is often expected. A 
full explanation would, however, re- 
quire a detailed study of the internal 
gate, which is beyond the scope of this 
series. Suffice it to say that we can in- 
troduce this as another of the rules for 
using TTL gates; an unused logic input 
will assume a 1 state. 
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In passing, it is worth pointing out 
that default logic states do vary bet- 
ween logic families. If the default logic 
state is important to a circuit's opera- 
tion, then the details should be 
checked in a data book. The MECL 10k 
series, for example, has a default input 
state of 0. 

The circuit shown in Fig. 2.15 
provides a demonstration of the default 
state assumed by a floating TTL input. 


1 


Fig. 2.15. Demonstration of the 
default input state 


This circuit is set up on the Logic Tutor 
using a 7408 in socket A. With pin 1 of 
the i.c. in position A1, the links required 
for the circuit are as follows: 


$1 to A2_ (Input signal) 
A3 to D1 (Output signal) 
+5V to A16 (Supply) 

A7 to OV (Supply) 


In this circuit, the signal provided by 
$1 will be completely unaffected by 
the floating input, and the output will 
always follow the input. The gate in ef- 
fect acts as a simple buffer, as would 
be predicted by a truth table which 
only included the lines for one of the in- 
puts fixed at 1. 


UNUSED GATE INPUTS 

Although we can now predict the 
behaviour of the type of circuit shown 
in Fig. 2.15, it is still not good design 
practice to float unused inputs on gates 
which are being used to process 
signals. There are essentially two 
reasons why this is not to be en- 
couraged as normal practice. 

Firstly, a floating input is susceptible 
to the noise spikes which inevitably ex- 
ist in any electrical environment. This 
type of problem will show itself as a 
gate input which usually behaves as if 
it is at a good 1 level, but occasionally 
a noise spike will pull it down to a O. 
The problem then is that this will only 
happen intermittently, and it will 
therefore result in a circuit which is un- 
reliable for reasons which are almost 
impossible to trace, a_ real 
troubleshooting nightmare! 

The second, and the most commonly 
quoted, reason for avoiding floating in- 
puts becomes apparent only when 
dealing with higher speed circuits. The 
effect of a floating input is to add stray 
capacitance to the gate input, which in 
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turn slows down the switching of the 
gate. 

In general, therefore, it is good 
design practice to avoid leaving inputs 
floating on active gates, but what are 
we to do with any ‘surplus’ inputs? Fig. 
2.16 shows three common ways of 
dealing with unused gate inputs. We 
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Fig. 2.16 a, b and c. Dealing with 
unused gate inputs 


have illustrated the techniques using 
three-input AND and OR gates, but the 
principles are generally applicable. If in 
doubt as to the validity of any of the 
techniques, we suggest that a truth 
table will quickly demonstrate the un- 
derlying principle. 

It should be noted in Fig. 2.16 (a) 
that tying TTL inputs together does not 
increase the load on the driving gate, 
provided that the inputs are on the 
same gate. This again is a consequence 
of the internal design of the TTL gate 
circuit, and is against most initial ex- 
pectations. In effect this approach 
‘removes’ the unused input from the 
circuit, from a design point of view at 
least. 

Fig. 2.16 (b) and (c) demonstrate 
how unused AND/OR inputs may be 
‘disabled’ by tying them to fixed logic 
1/0 levels, respectively. A logic O level 
is readily obtained by means of a direct 
connection to O volts. The preferred 
method of providing a logic 1 level 
avoids a direct connection to the 
positive supply, but goes via a resistor. 
The reasons again relate to speed of 
operation, and also to protecting the 
gate input against destruction by 
supply-borne spikes. A single 1kQ 
resistor may be used to supply up to 
twenty-five unused gate inputs; this in 
fact is how the logic 1 sources on the 
PE Logic Tutor are provided. The num- 
ber of resistors actually used in a circuit 
to provide ‘pull-up’ is, however, more 
often affected by layout than by any 
theoretical limit. 

NEXT MONTH: NAND and NOR 
gates and Boolean Algebra. 
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HIS Timer was designed for use with an ultraviolet ex- 

posure box, and provides two switch-on times of 70 and 
20 minutes. However, the use of a versatile precision timer 
integrated circuit (the UA2240) enables the unit to be easily 
modified for other output times which can be anything from 
less than one second to a few hours, and with the ap- 
propriate switching a large number of switch-on times can 


_ be obtained. The Timer is mains powered and is designed to 


control mains loads of up to 2-4kW. 


TIMER DEVICE 

The UA2240 is a timer device of the type which uses a 
C — R oscillator and divider chain rather that just a simple 
C - R charging circuit and voltage detector. The advantage 
of this system is that it gives a longer output pulse duration 
for given C — R timing values than a simple timer circuit such 
as one based on the popular 555 device. This gives greater 
accuracy and consistency for times of a few seconds to a 
few minutes where the use of high C — R timing values is 
avoided. Output pulse lengths of up to several hours can be 
achieved, but this would be impossible using a simple timer 
circuit which would require impractically high C — R timing 
values. 

An unusual feature of the UA2240, but one which makes 
the device very versatile, is the use of a divide by N counter 
in the divider chain rather than a circuit having a fixed divi- 
sion rate. Fig. 1 shows a simplified block diagram of the 
UA2240, 

The counter is an eight stage binary type having open 
collector outputs which can be connected in parallel and 
used with a single discrete load resistor. In normal 
monostable operation the appropriate outputs are coupled 
to the reset input of the device so that the output pulse 
ceases after the required number of oscillator cycles. For ex- 
ample, using outputs 032, 08, and 04, at least one of the 
outputs would pull the output voltage down to the low state 
until 44 oscillator cycles (32 + 8 + 4) had been received by 
the counter. After 44 cycles the three output transistors con- 
cerned would all be switched off, the output would go high, 
resetting the counter and blocking the oscillator. 


The Timer’s control fascia 
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02 REG. OUTPUT 
04 
OSC. OUTPUT 
08 
BINARY 
COUNTER a TIMING C-R 
a8 OSCILLATOR 


MODULATION OUTPUT 


TRIGGER INPUT 


Fig. 1. Block diagram of the UA2240 


Thus it is possible to obtain any division rate from 1 to 
255 by using the appropriate output terminals, and with 
suitable switching several different division ratios (and out- 
put pulse durations) can be obtained without changing the 
timing resistor or capacitor values. Once accurately trimmed 
to give the correct output time in one switch position an 
identical level of accuracy is obtained at other switch posi- 
tions and it is not necessary to individually trim each output 
time in order to obtain good consistency and accuracy at all 
switch positions. Obviously the output times must all be an 
integer multiple of the time taken for one oscillator cycle, 
and can be no more than 255 cycles in duration, but for 
many applications these limitations are not a problem. 

Incidentally, the UA2240 can be used as a very low fre- 
quency astable by simply omitting any connection to the 
reset terminal. 

Triggering is achieved by taking the trigger input to a 
potential of more than 2 volts, but no more than the positive 
supply voltage. This activates the oscillator, sets the counter 
outputs low, and enables the counter section. The nominal 
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duration of each oscillator cycle is a convenient 1CR, and the 
timing resistor should be between 1k and 10M. The timing 
capacitor should be between 10n and 1000Qu. The oscillator 
has a modulation input which enables the output time to be 
trimmed by about —50% and +100%, but in most applica- 
tions this feature is not required. 


THE CIRCUIT 

Fig. 2 shows the full circuit diagram of the Timer. R2 is 
the load resistor for the counter outputs, and no switching or 
programming connections are shown since these must be 
varied to suit individual requirements. R3 couples the output 
of IC1 to the reset terminal. R4 is the load resistor for output 
stage of the oscillator, and C3 provides decoupling at the 
modulation input of IC1. 

Operating S2 connects the trigger input of IC1 to the 
positive supply rail and activates IC1. The trigger input has 
precedence over the reset input, and it is therefore necessary 
for the trigger pulse to end before the end of the timing 
period. As the circuit is intended for use where fairly long 
switch-on times are required it is not necessary to have a 
short pulse generator circuit at the trigger input since the 
trigger pulse will presumably end well before the output 
pulse finishes. 

The timing components for the oscillator are VR1, R1, and 
C2. VR1 is adjusted to give one oscillator cycle every thirty 
seconds which gives the circuit an output pulse length of up 
to 127} minutes in half minute steps. A tantalum bead com- 
ponent is used in the C2 position as electrolytic types tend to 
have rather high tolerances and leakage currents and conse- 
quently could give unsatisfactory results in this circuit. Of 
course, the timing component values can be changed to give 
a different timebase frequency, and with a nominal duration 
for each cycle of 1CR it is not difficult to calculate suitable 
values. 

A relay is used to control the load with a set of normally 
open relay contacts being connected in series with the “‘live”’ 
mains output lead. The output current from IC1 is inade- 
quate to directly drive the relay coil, and emitter follower 
TR1 is therefore used to provide buffering between the 
two. The outputs of IC1 go low when IC1 is triggered using 
$2, and the relay is switched on during the output pulse with 
the relay contacts connecting power to the load throughout 
this period. 

A supply potential of about 12 volts is needed, and the 
stand-by current consumption is only about 10mA, although 
this rises to about 40mA when the relay is switched on. The 
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Fig. 2. Circuit of the Timer 


supply does not need to have a low ripple and noise content. 
A simple non-regulated power supply using fullwave push- 
pull rectification is therefore perfectly adequate. The loaded 
supply potential is around 11 volts. S1 is the on/off switch, 
and the unit can be reset by momentarily switching off using 
this control. 


CONSTRUCTION 

A metal instrument case measuring about 150 by 100 by 
50mm makes a suitable housing for this project and is just 
large enough to accommodate all the components. The 
three controls are mounted on the front panel and the rear 
panel is drilled to take the mains input and output cables. 
Both these holes should be fitted with grommets to protect 
the leads. If preferred a mains outlet could be mounted on 
the case, and this would be a more practical solution in ap- 
plications where the timer is to be used with more than one 
item of equipment. However, a somewhat larger case would 
probably be needed if a mains outlet is fitted to the unit. T1 
is bolted on the base of the cabinet on the left hand side of 
the unit, and a soldertag is fitted to one mounting bolt: to 
provide a convenient way of connecting the mains earth lead 
to the case. 

The other components, including the fuseholder and relay, 
are mounted on a printed circuit board which measures 97 
by 54mm. Details of the printed circuit and wiring of the 
timer are shown in Fig. 3. The circuit will operate properly 
using any 12 volt relay that has a coil resistance of about 
300 ohms or more and contacts of adequate rating, but it is 
obviously necessary to use the specified component if it is to 
fit onto the printed circuit board properly without making 
any modifications to the track pattern. The completed board 
is mounted in the case using 25mm 6BA bolts with spacers 
about 12mm long being used to ensure that mains connec- 
tions on the underside of the board are held well away from 
the case. 

Be careful to complete the wiring to T1 and $1 correctly, 
and make quite sure that the mains input and output leads 
are connected correctly. Mistakes here could result in 
damage to the unit and could be dangerous. 


SETTING UP 

Initially VR1 should be set at about half maximum 
resistance, and only Output 1 should be coupled to the com- 
mon terminal of the printed circuit board so that the relay 
switches on for just one oscillator cycle when $2 is 
operated. VR1 is then adjusted by empirical means to give a 
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Fig. 3. P.c.b. and wiring detail (right) 


COMPONENTS... 


Resistors 


R1 470k 
RZ 6k8 
R3 39k 
R4 18k 
All 4w carbon 


Capacitors 
Ct 470uF 16V axial elect 
C2 33yuF TOV tantalum bead 
‘C3 22nF polyester 


Potentiometer 
“MRI 1M 0-1W horizontal preset ~ 


- Semiconductors 


D1,2.  .1N4001 (2 off) 
2X) 1N4148 
1C1 UA2240 


-OoTRL-BC161 
- Miscellaneous 


“ORLA 12V.400 chm‘coil,240V a,c. 10A changeover 
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TA Standard mains primary, 9 — 0 --9V 100mA 


secondary, 
“$1 Rotary mains switch; 
$2 Push-to-make, release-to-break type, 
FST 100mA 20mm quick blow,“ ss 


contacts (M.E.S:;), 

150 x 100 x 50mm instrument case, 

Printed circuit board, <-> 

Two coritrol knobs; 

20mm chassis mounting fuseholder, 
» 16 pin DILi.c. socket, ; 
* Mains lead and plug, 

Veropins, wire, solder, etc. 


MAINS LEAD 


: 


OUTPUT 


COM O02 O8 032 0128 


suitably accurate thirty second switch-on time. When used 
to provide longer switch-on times the error is multiplied by 
the division ratio used in the counter circuit, and slight read- 
justment of VR1 may be needed when the unit is program- 
med for normal use if a high degree of accuracy is required. 

The required switch-on time is produced by coupling the 
appropriate outputs to the common terminal of the board, 
and the total of the output numbers must be double the re- 
quired output time in minutes (bearing in mind that each 
timebase cycle takes half a minute and not a minute). The 
process used to calculate which outputs are required is ex- 
tremely simple. For example, assume an output time of 100 
minutes is required, and the counter must be programmed to 
divide by 200, First take the highest output number that is 
equal to or less than 200, which is obviously 128. This is 
deducted from 200 to give the total that the other outputs 
must contribute, which is 72, and the highest output number 
which is equal to or less than 72 is then selected. This is 64 
of course, and 64 is then deducted from 72 to give the 
remaining number which the other outputs must contribute, 
or 8 in other words. Again the highest output which is equal 
to or less than this figure is selected, and in this case output 
8 clears the remaining figure and completes the calculation. 
Thus outputs 128, 64, and 8 give the required division ratio 
of 200. If more than one output time is required this can be 
achieved using suitable switching. 
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Copies of British Patents can be obtained from: The Patent Office, Sales, St. Mary Cray, 
Orpington, Kent (£1.75); and copies of Foreign Patents can be obtained from The Science 
Reference Library, 25 Southampton Buildings, London, WC2A 1AJ. (Prices on application.) 


MOVIE SOUND SYSTEM 


British patent application 2104344 from 
Polaroid is interesting on several counts. 
The lengthy specification offers some in- 
teresting ideas on a microphone system for 
a film or video camera, with the 
microphone output adjustable to cut out 
camera noise and pick up only subject 
sound. But the application is also in- 
teresting because examiners at the British 
Patent Office have not been able to find any 
prior publications. This is surprising 
because the basic idea of a multi- 
microphone array with adjustable pick up 
pattern dates back to Alan Blumlein, and 
his famous British patent 394325. The in- 
vention also appears to have much in com- 
mon with the MS (Main-Side) stereo 
recording technique, which has for many 
years been used by broadcast and studio 
engineers. Furthermore all directional 
“gun” mics, as for instance widely sold by 
Sennheiser, use a space array similar to 
that described in the patent. Perhaps the 
Patent Office examiners were bewildered 
by the none-too-clear technical description 
in the patent, which is typical of applica- 
tions that originate from the USA where 
brevity and clarity are not seen as virtues in 
a patent. 


Fig. 1 shows the microphone array in 
conjunction with what is probably a 
Polaroid instant movie film camera, of the 
type which was launched a few years aga 
and failed in the face of video competition, 
but the system could equally well be used 
with any camera that generates unwanted 
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noise. Fig. 2 shows how a plane sound 
wave 30 hits a linear array of four omni- 
directional! microphones M1, M2, M3 and 
M4 at different times, so that they are each 
producing a different output signal at any 
given instant in time. Fig. 3 shows a circuit 
for processing the signals which come from 
the four microphones. Summing channel 


40 adds the signals from the inner pair of 
microphones M2, M3 and subtractor 41 
produces a difference signal from the M1, 
M4 outputs. This is integrated, with respect 
to time, and after gain control at 44, 45 the 
sum and difference signals are combined at 
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adder 46, The output from 46 is the overall 
output of the microphone array. When M4 
is closest to the camera the array rejects 
sound proceeding from M4 to M1. If in- 
tegration is inverted, the pattern is rever- 
sed. Other rejection patterns are created by 
adjusting the relative gains at 44, 45. A car- 
dioid or directional pickup pattern can be 
created with a null facing the camera. Ob- 
viously this reduces the pickup of noise 
from the camera. Alternatively a figure-of- 
eight pattern can be created, or a separate 
left and right pickup for stereo. By the use 
of directional microphones in the array, in- 
stead of omni-directional mics, the same 
effect can be achieved with two instead of 
four units. Although the circuit details 
described are modern, the line of thought is 
very similar to that started by Alan Blumlein 
while he was working with EMI in the early 
30's. At that time Blumlein did not have 
directional microphones available so was 
forced to use omnis, with their outputs 
“shuffled to produce a directional 
response pattern, The MS recording techni- 
que, which uses a main omni mic and side 
figure-of-eight, to produce a stereo 
response pattern, stemmed from this work 
and is still favoured by some recording 
engineers. It would be interesting to know 
whether the British Patent Office examiners 
were aware of the various pioneering work, 
but took a considered decision not to cite it 
against the Polaroid application, or whether 
they are unfamiliar with this field of audio 
technology. 
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EARTH- LEAKAGE CIRCUIT TESTER 


ARTH leakage circuit breakers 

(e.L.c.b.s) are a useful aid to electrical 
safety in the home. The problems come, 
however, when a domestic appliance such 
as a cooker, starts tripping the e.l.c.b. and 
taking out the whole electricity supply. 

In order to rapidly trace the fault it is 
necessary to have a device to measure this 
leakage. The problem is that the leakage 
may only occur at high voltages, so the 
few volts put out by the trusted multimeter 
is insufficient to show the fault, unless you 
have access to a Megger (which measures 
resistance at several hundred volts). 

The simple circuit shown here is a 
blocking oscillator used to generate 300V 
d.c. from a 9V battery, so that a cheap 
multimeter (set on d.c. current) can locate 


earth leakage faults. The prime considera- 
tion for this design was that all the parts 
should be readily available ‘off the shelf’. 
For this reason, instead of using the usual 
obscure pot core and a large number of 
turns of fine copper wire, a mains transfor- 
mer was used. Whilst it is true that the iron 
losses in a mains transformer become large 
at inverter operating frequencies it does 
not matter too much in this application. 
Since there is no power output required the 
circuit is running at zero efficiency. The 
only consideration, therefore, is the 
operating current required. If this can be 
kept to a minimum the design is satisfac- 
tory. 

The circuit operation is difficult to 
quantify but easy to describe. In one sen- 


tence, it is a feedback circuit where. the 
loop gain is high enough to produce a self 
sustaining oscillation. In fact in any high 
gain’ feedback circuit the problem is 
usually to stop it oscillating. When the 
momentary action switch (S1) is made, 
current flows into the base of TR1 via R1 
and D2. This causes an amplified current 
to flow in the collector circuit via winding 
(W2) of the transformer. Since W1 and 
W2 are a centre tapped pair, the voltage 
developed across W2 by the collector 
current in TR1 also appears across W1. 
The phase of this voltage is such that when 
fed back to TR1 via C2 it tends to increase 
the bias on TRI. This positive feedback 
continues until TR1 saturates. When the 
collector current can no longer increase 


the induced e.m.f. in the coil falls (since the 
induced e.m.f, is proportional to the rate of 
change of current with time). The falling 
e.m.f. is fed back to TR1 rapidly shutting it 
off. The voltage on D2 falls several volts 
below the negative power rail and TR1 is 
completely shut off. C2 then charges via 
R1 until the voltage on D2 reaches about 
1V. The cycle is then repeated. 

The oscillation can be described as a 
brief current pulse at a repetition period 
governed by R1 and C2. In fact this is not 
a rectangular pulse since the energy stored 
in C3 and C4 causes an LCR ‘ring’ to oc- 
cur. (If R1 is reduced to about 3k3 this 
results in a nearly sinusoidal oscillator be- 
ing produced.) The oscillation is simply 
taken out from the 240V winding (W3) 
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and rectified by D3. C5 and C6 are used 
to store the generated voltage and R3 and 
R4 are used to discharge C5 and C6 when 
the circuit is not operating so that the test 
terminals can be safely touched. Two 
resistors and capacitors are used to cope 
with the high voltages generated. RS and 
R6 limit the short circuit output current. 
The mains neon (LP1) indicates that the 
high voltage is being generated. 

Because of the marked asymmetry of 
the oscillation waveform, there is little to 
be gained from full wave rectification of 
the W3 output. (Note that if W3 is connec- 
ted the wrong way round the output 
voltage is greatly reduced.) For any given 
transformer some adjustment of C2, C3, 
C4, and R1 will yield an improvement by 
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way of reduced operating current or in- 
creased output voltage. In the prototype 
these were 1lmA and 290V respectively. 
(The transformer should be 240V primary, 
3-0-3V, 100mA secondary and kept as 
small as possible to minimise the iron 
losses.) 

In use the faulty appliance should be 
disconnected from the mains and leakage 
tests to the Earth connection made using 
the two flying leads. The multimeter 
should be set to d.c. current on its least 
sensitive range—switching down to the 
most sensitive range in stages. There 
should be minimal leakage shown on the 
most sensitive range. 

L. O. Green, 
Norwich. 


JOYSTICK 
CONTROL 


HIS simple joystick control was 

designed to provide a digital output for 
a computer from a_potentiometer-type 
joystick. Four outputs are provided for 
connection to a parallel input port, allow- 
ing the other four bits of the port to be 
used for another joystick or pushbuttons. 
Nine combinations of output are possible 
giving eight compass points and the central 
zero position. 


TRUTH TABLE FOR 
JOYSTICK CONTROL 


Up Down Left Right Direction 
Centre 
West 
East 
South 
Southeast 
Southwest 
North 
Northeast 
Northwest 


0 
0 
0 
0 
0 
0 
1 
1 
1 
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IC) = LM339 


* JOYSTICK 


The voltage on the potentiometer wipers 
are compared to the levels set by the 
potential dividers RI, R2, R3 and R4, RS, 
R6. In the circuit shown the comparator 
Outputs are high when the wipers are at the 
top or bottom quarters of the tracks, giv- 
ing a 50 per cent deadband in the centre. 
Reducing R2 and R5 to 33k will give a 
smaller deadband and consequently a 
more sensitive control which some may 
prefer, 


LIGHTNING CHESS-TIMER 
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IC1= 4093 
12 = 4013 
ce 


It should be noted that the LM 339 
comparators have open collector outputs 
and need pull-up resistors R7, R8, R9 and 
R10. 

This circuit is in use with an 8255 PPI 
chip interfaced with a Sinclair ZX-81, but 
should be suitable for other computers and 
parallel ports. 

J. H. Flores, 
Washington, 
Tyne & Wear. 


HIS circuit allows each player a max- 

imum of ten seconds to make his move 
and push the switch or the buzzer will 
sound and he will have lost the game. The 
l.e.d.’s indicate which player has lost when 
the buzzer sounds. 

When the pushbutton (S1) is depressed, 
IC1a debounces the pulse which is fed to 
IC2. The outputs from this divide by four 
circuit, drive the buffer transistors TR1 
and TR2 so that the two Le.d.’s light alter- 
nately with each depression of the 
pushbutton. The negative edge of the 
debounced pulse also discharges capacitor 
Ct which then charges via Rt. When the 
threshold is reached a pulse is sent to the 
monostable IClc and this enables the os- 


.cillator IC 1d for one second. The output of 


this oscillator is fed to TR3 which drives 
(LS1). 

The time allowed for each move can be 
adjusted since t(seconds) = Rt.Ct. Alter- 
natively several switched values of Rt 
could be used. The values for ten seconds 
were Rt = 10M and Ct = IpF. A low 
leakage capacitor for Ct is recommended. 

It should be noted that difficulty may be 
encountered in locating the 640 speaker. 

B. Fitzpatrick, 
Aylesbury, 


LEDS & SWITCHES 
SIMULATOR 


FOR AROUND £5 


OLLOWING the article on memory expansion for the Vic 

20, we continue the series with input/output boards 
which enable the User Port to be utilised for the control of 
external devices. 


VIA 

The 6502 based Vic 20 has a 6522 Versatile Interface 
Adapter (VIA) installed, which provides 16 memory mapped 
registers that can be used for the control of input/output 
(I/O) devices. On the Vic 20, access to these facilities is 
through the User Port. 8 bi-directional data lines are 
provided, each of which can be individually programmed to 
serve for input or output. These are identified as pins C to L 
and labelled PO to P7. 

The VIA is subdivided into two sections that are program- 
med individually, These are the Data Direction Register and 
the Input/Output Register. 

A Data Direction Register (DDR) in the VIA controls 
whether the I/O lines at the User Port are to be operational 
as inputs or outputs, each bit in the DDR having a directly 
related data line in the User Port. To set data lines as inputs, 
the corresponding bits in the DDR are set to O, whilst for 
those data lines to be set as outputs, the corresponding bits 
in the DDR are set at 1. As these bits are in a binary form, 
they can be converted easily to a decimal value acceptable 
to Commodore Basic. 

In Fig. 2.1, all lines are set as outputs, the data in the DDR 
and consequently in the I/O Register being all logic 1's. This 
instruction is made to the computer with the command 
POKE 37138,255: 37138 being the decimal address of the 
DDR in the Vic 20 memory and 255 being the decimal value 
of 11111111, where all bits are set at 1 to make all 8 lines 
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THE VIC 20 USER I/O PORT 


1234 § 6 7 8 § WH 
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available as outputs. Now that the DDR has been set up, it is 
necessary to do likewise to the I/O Register, located at 
decimal address 37136 in Vic 20 memory. In the case of 
Fig. 2.1, the instruction would be POKE 37136,255, 


User Port 
DDR,37138 = 255 decimal 
1/0 Reg. 37136 = 255 decimal 


Fig. 2.1. Binary to decimal conversion for controlling the VIA 


The following short programs suggest a few different 
methods of manipulating bits in the I/O Register, to provide 
changes of operation at the port. 

In order to vary the output, the program of Fig. 2.2 asks 
for a decimal value to be typed from the keyboard and the 
output monitored on a display of |.e.d.s. The DDR is set for 
outputs and the I/O Register made variable. 


Practical Electronics November 1983 


COMPUTING PROJECT Gi 


Fig. 2.2. Program to display a decimal number on the row of 
Le.d.s 


10 POKE 37138,255 

15 REM Set all 8 DDR bits to logic 1 

20 INPUT X 

25 REM Input a number from keyboard 

30 IF X<0 OR X>255 THEN END 

35 REM Numbers must be between 0 and 255 inclusive 
40 POKE 37136,X 

45 REM Put the number into the I/O Reg 

50 GOTO 20 

55 REM Wait for the next input 


Should any lines be used as inputs the DDR is set to the 
corresponding decimal value and the I/O lines ready to ac- 
cept an input. This can be monitored on the screen with the 
PEEK command. See Fig. 2.3. 


Fig. 2.3. Screen monitoring of inputs, using PEEK 


10 POKE 37138,240 

15 REM Set bits 0 to 3 as inputs, 4 to 7 as outputs 

20 PRINT PEEK (37136) 

25 REM Display contents of I/O Register on screen 

26 REM This will be total of outputs and 15 in respect 
27 REM of bits 0 to 3. This is reduced as inputs appear 
30 GOTO 10 

35 REM Display any changes 


Fig. 2.4. Register contents 


User Port 
DDR.37138 
1/0 Reg.37136 


= 240 decimal 
0 = 240 decimal 


NOTE: Without an input signal, the VIA holds bits 0 to 3 
at logic ‘1. Therefore the l.e.d.s. will be on until inputs bring 
them to logic 0". 

It may be desired to program a sequence of changes to 
the initial |/O Register settings of the User Port, such as con- 
trolling a pattern for disco lights. This can be done by using 
the AND and OR facilities of Commodore Basic to change 
the functions of some data lines without affecting the rest. 
Supposing that initially the DDR and I/O Registers were set 
up using data lines O to 1 as inputs and 2 to 7 as outputs as 
in Fig. 2.5. 


User Port 
0DA,37138 = 252 decimal 
W/O Reg.37136 = 252 decimal 


Fig. 2.5. Bits 0 to 1 as inputs, and bits 2 to 7 as outputs 


Supposing it is required to disable bits 3 to 6 without the 
other bits being affected. This can be achieved by using the 
AND Function. 


= 252 decimal 
AND Function = 135 decimal 
New status Q =132 decimal 


Fig. 2.6. Using AND to disable bits 3 to 6 only 
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This may be included in a program as: 


POKE 3138,252 
POKE 37136,PEEK(37136)AND135 


It may now be required to reset bits 4 and 5, without hav- 
ing any effect on the state of the other bits. This is achieved 
by using the OR function. See Fig. 2.7. 


132 decimal 
48 decimal 
180 decimal 


OR Function 
New status 


nou il 


Fig. 2.7. Using OR to reset bits 4 and 5 only 


POKE 37136,PEEK(37136) OR48 would be included in 
the program. Suitable delays would be inserted between the 
changes. 

Try the program of Fig. 2.8 as a starter in using the 
routines suggested. 


Fig. 2.8. Initialisation for suggested routines 


10 POKE 37138,255 

20 POKE 37136,255 

21 FOR I=1 TO 200:NEXT:REM Delay routine 
25 PRINT PEEK(37136):REM Monitor changes on screen 
30 POKE 37136,PEEK(37136) AND 126 

31 FOR I=1 TO 200:NEXT 

35 PRINT PEEK(37136) 

40 POKE 37136,0 

41 FOR I=1 TO 200:NEXT 

45 PRINT PEEK(37136) 

50 POKE 37136,PEEK(37136)OR 24 

51 FOR I=1 TO 200:NEXT 

55 PRINT PEEK(37136) 

60 GOTO 20:REM Do it again 


NOTE: When writing repetitive program lines, such as 
21,25; 31,35; 41,45 etc. just type in the first lines of the 
series and renumber. The original is retained. 

Have you noticed that the AND function is used to delete 
output bits and the OR function to reinstate them? 

Now disable bits 0,3,4 and 7 with the switches and see 
what happens. 

These programming hints are intended as suggestions 
and may be developed further, to produce an interesting 
program of light sequences, to enhance, perhaps, a short 
music program. 


LEDS AND SWITCHES BOARD 

In order to familiarise oneself with the functioning of the 
User Port it is necessary to be able to develop programs 
without being encumbered with large external systems. This 
can be simulated with arrays of l.e.d.s and switches, where 
outputs are indicated by the associated |.e.d. being turned on 
and inputs being activated by the switches in an 8 way d.i.l. 
switch bank being closed to pull the associated data lines 
down to ground potential. Whilst using the board, all DDR 
bits are set as outputs, the impression of inputs being 
achieved by the disabling of the outputs at the port. 
(REF: “Vic 20 Revealed’—Nick Hampshire, and “Vic 20 
Programmer's Reference Manual’) 
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DATA 


COMPONENTS... 


+ 4 Resistors 
R1-8 470 {W (8 off) 
~ R9-16* - 470 lor higher) FW (8 off: 


ae 
D1-8 Red I.e.d. (8 off} 
Dg IN4001 


: circuits 
IC1,1C2 7405 (2 off) 


Miscellaneous 
P.c.b. 
Di. switch, B-way 
“10-way ribbon cable, plus connector to suit 
» >. *Must sink output, yet draw:as little current as possible 
‘Please note that sockets used in this series are. also available 
_ om Techaomati 


The simple, tow cost board (approx. £5 on a completely 
d.i.y. basis) described here allows the computer to simulate 
being used to turn on and off devices such as small motors 
or model railway circuits and signals and the functioning of 
safety devices such as ‘limit’ switches to prevent over-running. 

The interface is constructed on a single sided fibreglass 
p.c.b. measuring 80mm x 100mm and uses 4 of the inver- 
ters of each of 2 x 7405 (or 7406) Open Collector Hex 
Inverters to sink the cathodes of the l.e.d.s to indicate a logic 
“Are 

When there is a logic 1 at the output from the port, there 
is a logic O at the output of the inverter. This makes the 
cathode of the I.e.d. low relative to the supply voltage, allow- 
ing it to draw current and switch on, making it compatible 
with the logic state of the data line. Fig. 2.9. The switches 
are connected between the outputs of the port and ground. 
Closing a switch immediately pulls the output of the port to 
logic O, turning the associated |.e.d. off, no matter what its 
programmed state should be, It is essential that all switches 
are ‘open’ when the ports are being used in output mode. 
This permits the VIA to pull the outputs up to +5V. 

The Vic 20 is provided with +5V at 100mA at Pin 2 of the 
User Port, which is sufficient to drive this interface. Provision 
is made for an external +5V power supply to be connected if 
the board is to be used with the PET or other computers not 
having a +5V line available at the output port. In this respect 
it should be noted that there is approximately 0-6V drop 
across DQ, therefore the supply used should account for this. 

Connection to the computer is by means.of a 10 way rib- 
bon cable and a 12/2 way 0-156 or 4mm edge connector 
socket. Whilst sacrificing the use of the red and black wires 
for positive and negative it is worth while using the colour 
coding to indicate the port position of the data lines. 

The connector is pin compatible with the Commodore 64 
and with the exception of the +5V rail also with the PET. 
There should be no difficulty using the interface with Z80 
based computers fitted with a PIO. 
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Fig. 2.9. Logic state indicator 
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Fig 2.10. Full circuit diagram 


For users of Z80 based computers wishing to build the 
l.e.d.s and switches interface board, the source listing of Fig. 
2.11 at 1000H can be easily relocated anywhere in memory. 

The delay routine has been placed at the beginning to 
enable easy extension of the patterns, which are putin the A 
Register (Accumulator) in Hex form. Line 710 should be 
deleted before entering new routines, then reinserted at the 
end. The program uses no system monitor calls and will 
work on any Z80 based control board. 


1000 0010 ORG £1000;Z80 LIGHT 
SEQUENCE PROGRAM 

1000 0640 0020 DELAY LD B,£40; Set up delay count 

1002 08 0030 DELY! EX AF,AF’ 

1003 AF 0040 XOR_A;Set A to zero to start 

1004 F5 0050 DELY2 PUSH AF; Loop 256 times 

1005 F1 0060 POP AF; Recall contents of A 

1006 F5 0070 PUSH AF; Repeat last two steps 

1007 F1 0080 POP AF 

1008 3D 0090 DEC A;Decrement A register 

1009 20F9 0100 JR NZ,DELY2;Repeat until A 
is zero 

100B 00 0110 NOP 

100C 10F4 =: 0120 DJNZ DELY1;Repeat until count 
is zero 

100E C9 0130 RET __ ;Return to program 

100F 00 0140 NOP 

1010 3EOF OISOSTART LD A,£0F;Set up PIO Port A 

1012 D306 0160 OUT  (£06),A;all lines set as outputs 

1014 3E18 0170 LD A,£18; Load A with pattern 
* * 

1016 D304 0180 OUT  (£04),A;Output through PIO 

1018 CD0010 0190 CALL DELAY;Go to DELAY 
subroutine 

101B 3E24 0200 LD A,£24; Pattern .*....". 

10iD D304 =: 0210 OUT  (£04),A 

101F CD0010 0220 CALL DELAY 

1022 3E42 0230 LD A,£42;Pattern ..*..".. 

1024D304 0240 OUT (£04),A 

1026 CDO010 0250 CALL DELAY 

1029 3E81 0260 LD A,£81; Pattern ...** 

102B D304 =: 0270 OUT (£04),A 

102D CD0010 0280 CALL DELAY 

1030 3E42 0290 LD A,£42;Pattern ..*..*., 

1032 D304 = =©0300 OUT  (£04),A 

1034 CD0010 0310 CALL DELAY 

1037 3E24 0320 LD A,£24;Pattern .*....*. 

1039 D304 0330 OUT (£04),A 

103B CD0010 0340 CALL DELAY 
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103E 3E18 0350 LD A,£18;Pattern*...... ‘i 106C CDO010 0550 CALL DELAY 

1040 D304 0360 OUT (£04),A 106F3EAS5 0560 LD A,£A5;Pattern .*.**,*, 
1042 CD0010 0370 CALL DELAY 1071 D304 = 0570 OUT (£04),A 

1045 3EC3 0380 LD A,£C3;Pattern **....** 1073 CDOO10 0580 CALL DELAY 

1047 D304 0390 OUT (£04),A 1076 3ESA 0590 LD A,£5A;Pattern *.*,.*,* 
1049 CDO0!0 0400 CALL DELAY 1078 D304 0600 OUT (£04),A 

104C 3E3C 0410 LD A,£3C; Pattern ..****,. 107A CDOO10 0610 CALL DELAY 

104E D304 =: 0420 OUT (£04),A 107D 3EFF 0620 LD A,£FF;Pattern ******** 
1050 CDOO010 0430 CALL DELAY 107F D304 0630 OUT (£04),A 

1053 3EFO 0440 LD A,£FO;Pattern ....**** 1081 CDOO010 0640 CALL DELAY 

1055 D304 0450 OUT  (£04),A 1084 3E7E 0650 LD A,£7E;Pattern ***..*** 
1057 CD0010 0460 CALL DELAY 1086 D304 = 0660 OUT = (£04),A 

105A 3E0F 0470 LD A,£0F;Pattern ****,... 1088 CDO010 0670 CALL DELAY 

105C D304 = 0480 OUT  (£04),A 108B 3E3C 0680 LD A,£3C;Pattern .******, 
105E CDO010 0490 CALL DELAY 108D D304 0690 OUT = (£04),A 

1061 3E3C 0500 LD A;£3C;Pattern **....** 108F CD0010 0700 CALL DELAY 

1063 D304 0510 OUT (£04),A 1092 C31010 0710 JP START;Go back to 
1065 CD0010 0520 CALL DELAY beginning of sequence 
1068 3EC3 0530 LD A,£C3;Pattern ..****,. 1095 00 0720 NOP 

106A D304 0540 OUT (£04),A 


Fig. 2.11. ZEAP Z80 assembler source listing 


We would like to thank South Coast Computers, of 
Ferndown, Dorset, for the loan of the VIC 20 used on the 
October 83 issue front cover 


NEXT MONTH: We describe the construction of an I/O 
control board for the VIC 20 


Fig. 2.12,P.c.b. layout (actual size) 


Fig. 2.13. Component layout 
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1U-BUS 


and MICROPROMPT 


Appearing every month, Micro-Bus now presents ideas, applications and programs for the most popular micro- 
computers; and all micro’ related projects so far published in PE. Ideas must be original, and payment will be 


made for any contribution featured. 


SIX YEARS OF MICRO-BUS 


EPTEMBER’S was the last Micro-Bus in 

the familiar bi-monthly format. In future 
the column will appear monthly, combined 
with Micro Prompt, and will not be compiled 
by me. 

The first Micro-Bus appeared in the 
October 1977 issue of Practical Electronics, 
and it was not until a year later that any 
magazines devoted to home computing were 
launched, Now, six years and 36 instalments 
of Micro-Bus later, there are upwards of 40 
different computing magazines available, and 
what was once an interest available only to the 
experienced electronics enthusiast is now a 
consumer industry. 

When Micro-Bus started there were no 
complete home computers available in this 
country, and amateurs who wanted to learn 
about microprocessors had to buy an “evalua- 
tion kit” direct from one of the chip manufac- 
turers. Two such kits were the SC/MP In- 
trokit, from National Semiconductor, and the 
6800 D2 Kit, from Motorola, and the first 
issue of Micro-Bus featured experimental ap- 
plications for both of these. It should perhaps 
be mentioned, for those who have only recen- 
tly acquired an interest in micros, that these 
kits were programmed directly in hexadecimal 
from a 16-key keypad, and by today’s stan- 
dards they were somewhat limited in memory 
size, each having only 256 bytes! For this lux- 
ury you had to pay between £150 and £250— 
the cost of a complete home computer with 
BASIC and 32K of memory today. 

PE was a pioneer in the field of microcom- 
puting, featuring reviews of most of the kits as 
they became available, and several complete 
constructional articles, providing experimen- 
ters with virtually the only source of informa- 
tion on micros outside the manufacturers’ data 
sheets. More recently, the topics featured in 
Micro-Bus have tended to be written in 
BASIC, rather than machine-code, designed 
to run on complete home computer systems, 
such as the ZX81 or BBC Microcomputer. 

Throughout this time the shape of Micro- 
Bus has largely been determined by the con- 
tributions received from readers, and many of 
these were highly original and extended the 
uses of micros in ways that had not been an- 
ticipated by the manufacturers. I am very 


grateful for the kind comments received over 
the years, and would particularly like to thank 
all those who devoted their time and energy to 
describing their micro-based inventions for 
publication, so that other readers could benefit 
from them; sincere apologies to the many 
readers whose submissions could not be in- 
cluded within the space available for the 
column each month. 

DJD 


PSG MOD 

Sir—One possible feature that had been 
overlooked in the programmable Sound 
Generator’s design (PE Sept. 80), was that 
of being able to read from {i.e. PEEK) the 
sound board. The address decoding is so 
configured as to enable the board only 
when the READ/WRITE line is low, i.e. 
when the board ts being written to. The 
following modifications allow the board to 
be read from, which is useful for discover- 
ing the contents of the registers and 
also, more importantly, it allows the AY-3- 
8912's input/output port to be used in in- 
put mode. 

The modification is as follows: Pin 2, 1C2, 
is tied to ground and the R/W line is con- 
nected to pin 4, IC4, instead (see Fig. 1). 
This can be effected by cutting the track 
between pin 2 [C2 and pin 32 of the input 
connector. Pin 2 of IC2 is then taken to OV 


JULY WINNERS 


The July issue of Micro-Bus featured a 
miscellany of problems, based on BASIC 
programs, and prizes were offered for the best 
solutions received before the solutions ap- 
peared in the September issue. The VIEW 
word-processing package for the BBC Com- 
puter goes to Eric Chan of London for the 
most concise set of solutions; Geoff Morris of 
Herts receives a year’s subscription to 
Practical Electronics for his solutions. 


{the OV rail runs around the edge of the 
sound board). Pin 4 IC4 is separated from 
pins 5 and 12 1C4 and instead connected to 
pin 32 of the input connector. Care should 
be taken to ensure that pins 5 and 12 IC4 
are still connected to one another and to 
the rest of the circuit, after this operation. 
With the modification, the PSG behaves 
in the following manner: when writing to 
the PSG the Read/Write line is low and so 
I1C4b behaves as normal; however, when 
reading from the PSG the R/W line goes 
high, inhibiting I1C4b, This means that 
PEEKing the register address (61680 oan 
the original design, 61808 if the address 
decoding corrections, November 1980 PE, 
have been used) causes pin 20 to go high 
and pin 18 to stay low. These are the candi- 
tions necessary to read from the AY-3- 
8912. 
A. D. Love, 
Swansea 


Fig. 1. PSG modification 
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SYNCHRONOUS 2MHz 
CHANGEOVER 


Sir,—Your readers may be interested in 
the circuit shown in Fig. 1, which permits 
reliable manual or software switching of the 
UK101 between 1MHz & 2MHz whilst a 
program is running. It is an improvement on 
D. P. Goulder’s circuit (Micro Prompt July 
81), in that reliable dynamic operation is 
ensured by synchronising the changeover 
so that the Microprocessor {{C8) always 
receives an unbroken clock cycle. 

The selection may also be performed by 
software. This has the advantage that 
2MHz can be employed to speed-up 
tedious calculations, and the program can 
select 1MHz to access EPROMs which are 
still rated at less than 250nSecs. 

The circuit gates the appropriate fre- 
quency fram IC29 dependent upon the 
state of the D type flip/flop. The “‘D” input is 
derived fram a NAND gate which in turn 
senses the state of the switch. Any 
available software latch can be fed to pin9 

of the NAND gate to contro! the circuit 
when the switch is open. 

Synchronisation is achieved by con- 
necting the flip/flop clock input to the selec- 
ted microprocessor clock frequency. 

Alan Stott, 
Bristol. 


OLD CANCELS NEW! 
Sir—i have a UK101 with the original 
monitor and 8K of user RAM. 

Some hobby computers have an “OLD” 
function available. This enables the user to 
restore a program after typing “NEW”. The 
enclosed program in 6502 code is my ver- 
sion of “OLD” for the UK101. The program 
was disassembled by my UK101. 

Once you have the function loaded you 
require a program in memory te try it out. 
List the program, then type “NEW”, try 
listing it again—nothing should happen. 
Reset, type “M", then “280” and “G”. If 


OPTIONAL 
LATCH INPUT 


+5V 


LINK PINS 9 AND 10 [F LATCH NOT USED 


1C1 74LS00 Vec= 
1C2 74874 GN 


(Esu33) 


2MHz IMHz 


me29/8) (129/11) 


TO 1C8/37 


1Cla 
74L500 


BREAK EXISTING 
LINK BETWEEN 
1€29/11 AND IC8/37 


Fig. 1. IMHz to 2MHz dynamic changeover for UK101 


the code has been entered correctly you 
should be back in BASIC, and you should 
be able to list, run or edit the program quite 
normally, if not, check the code. 

Typing “NEW” accidentally seems rather 
a remote possibility, a more likely oc- 
currence is a cold start when a warm one 
was intended. In this case all you do is en- 
ter some valid number to the "MEMORY 
SIZE” question, if you enter-over the 
program is really lost. For a 4K machine en- 
ter 4095, for 8K enter 8191. You may of 
course enter smaller values if you wish to 
restrict memory usage. Now reset and 
proceed as before, and you should be back 
in business. 

One further interesting point is that using 
Andy Fisher's “Cassette Save/Hex Dump" 
program {see manual} in conjunction with 
the OLD function makes it possible to save, 
foad and run interpreted versions of 
programs. /f you wish to try this proceed as 
follows: 

i) You require CASSETTE SAVE, OLD and 
a BASIC program in memory. 

ii) Save the program using CASSETTE 

SAVE, as described in the manual. The 

start location will always be $0301, the 
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0280 ORG $0280 
0280 AO 06 LDY#$06 
0282 B9 FF 02 LDA §$02FF, Y 
0285 FO 04 BEQ $028B 
0287 C8 INY 
0288 DO F8 BNE $0282 
028A 00 BRK 
028B 8C 01 03 STY $0301 
. 028E Ad 03 LDA#$03 
. 0290 8D 02 03 STA $0302 
The above code finds the 
address of the second line 
of the Basic program and 
loads it into locations 
$0301 and $0302 
0293 AQ Ol LDA#$01 
0295 85 30 STA $30 
/0297 AY 03 LDA#$03 
0299 85 31 STA $31 
.029B AO 00 LDY#$00 
029D Bl 30 LDA ($30),Y 


O29F 85 32 STA $32 
02Al C8 INY 
02A2 Bl 30 LDA ($30), Y 
02A4 FO 09 BEQ $02AF 
02A6 85 31 STA $31 
02A8 A5 32 LDA $32 
O2AA 85 30 STA $30 
02AC 4C 9B 02 JMP $029B 
Q2AF AS 32 LDA $32 
02B1 DO 21 BNE $02D4 
The above code finds the 
end address of the Basic 
program 
02B3 18 CLE 
02B4 A9 03 LDA#$03 
02B6 65 30 ADC $30 
02B8 85 7B STA $7B 
O2BA AY 00 LDA#$00 
O2BC 65 31 ADC $31 
O2BE 85 7C STA $7C 
02CO0 18 CLC 


end location may be found in the zero- 
page focations $78 and $7C—strictly 
you should subtract 2 from the value of 
the end location, but this is not too im- 
portant. 
Perform a cold start, making sure you 
enter-over the “MEMORY SIZE” ques- 
tion. 
The program now no longer exists, us- 
ing the OLD function will lock the 
machine. Reset, type “M” then “L” and 
play back the tape. 
Once loaded run the OLD function. 
Since the program already has the ad- 
dress of the second line it is possible to 
enter the function at $0293, entering at 
$0280 is not harmful however. The 
program should behave quite normally. 
The ability to load and run interpreted 
versions of programs may be useful to 
someone developing a super-fast cassette 
interface. P. Martin (PE. May 81 “600 
Baud Cassette Interface”) states that a ma- 
for problem in using a high speed interface 
is the fact that the software cannot keep up 
with the incoming data—mainly due to the 
interpreter. Using the above method the in- 
terpreter is not invalved at ail. 


iti) 


iv) 


~ 


V, 


“OLD” FUNCTION DISASSEMBLED 


02C1 A9 06 LDA#$06 

02C3 65 7B ADC $7B 

02C5 85 7D STA $7D 

02C7 85 TF STA $7F 

02C9 A 00 LDA#$00 

02CB 65 31 ADC $31 

02CD 85 7E STA $7E 

O2CF 85 80 STA $80 

02D1 4C 74 A2 JMP $A274 

02D4 00 BRK 
The above code loads the 
zero-page locations $7B to 
$80 with values equal to * 
those that would have been 
present if the program had 


just been loaded. 
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Nl te ghia ihe Toe ceere son 


More data, more circuits, more 
pictures, in the brand new 480 page Maplin 
catalogue. Take a look at the completely 
revised Semiconductor section or the new 
Heathkit section with descriptions and 
pictures of dozens of kits and educational 
products from digital clocks to 16-bit business 
computers. The much expanded computer 
section itself, gives details of hundreds of 
pieces of software for Atari, BBC, Commodore 
64, Dragon, Spectrum and VIC20. In 
addition to all this you'll find hundreds of 
fascinating new items spread through the rest 
of the catalogue. 


As always, the Maplin catalogue is 
tremendous value for money and now has 
prices on the page! 


Pick up a copy at any branch of 
W.H.Smith or in one of our shops for just 
£1.35 or send £1.65 including postage to our 
Rayleigh address. On sale from Ist Nov 1983 


Choose from our huge : 
range of value- for- , : 
money projects. Projects 
like our Modem, Mosfet 
Stereo Amplifier, Home 
Security System, Fre- 
quency Counter and 
Home Computer add- : 
on kits. Full construction details in our Project Books and brief 
specifications in our new catalogue. Dozens of fascinating new 
| projects coming soon including a Keyboard for the ZX 
Spectrum with electronics to make all shifts, single- key 
operations. Full details in Project Book 9 on sale 11th November 
1983. Order As XAO9K. Price 70p. 


a oe 


PROJECTS FOR THE HOME CONSTRUCTOR }s 


Post this coupon now for your copy of the 1984 catalogue. 
Price £1.35 + 30p post and packing. If you live outside the 
U.K. send £2.20 or 11 International Reply Coupons. 

| enclose £1.65. 


MUP se ircdead ve raiates acts vaba oe : 


Opening on Ist November 1983, our new Re 2 i 
south coast store is at 46—48 Bevois Valley NMA) aaa" 
Road, Southampton (Tel: 0703 25831). You — — ee 
will find our full range of components _t Pag ie 
projects and computers on sale. We are within ¢ Wa ae i wey 
easy reach of the city centre with good parking \ 
close by. Call in and see us soon. ae, 
[ ELECTRONIC 
nN SUPPLIES LTD 
Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend 
(0702) 552911 @ Shops at: 159-161 King Street, Hammersmith, 
London WE6. Tel: 01—748—0926 @ 8 Oxford Road, Manchester. 
Tel: 061—236-0281 @ Lynton Square, Perry Barr, Birmingham. 
Tel: 021 —356—7292 @ 282-284 London Road, Westcliff—on—Sea 
Essex. Tel: 0702 554000 @ “46-48 Bevois Valley Road, 
Southampton. Tel: 0703 25831. 
“Opens 1st November 1983. All shops closed Mondays. 
All prices include VAT and carriage. Please add 50p handling 
charge to orders under £5 total value (except catalogue). 
Despatch by return of post where goods available 


——— 


